Process for Sustainably Sourced 2,5 Furan Dicarboxylic Acid by Bell, Michael et al.
Masthead Logo
University of Pennsylvania
ScholarlyCommons
Senior Design Reports (CBE) Department of Chemical & BiomolecularEngineering
5-20-2019
Process for Sustainably Sourced 2,5 Furan
Dicarboxylic Acid
Michael Bell
David Gutierrez
Kevin Wang
Follow this and additional works at: https://repository.upenn.edu/cbe_sdr
Part of the Biochemical and Biomolecular Engineering Commons
This paper is posted at ScholarlyCommons. https://repository.upenn.edu/cbe_sdr/112
For more information, please contact repository@pobox.upenn.edu.
Process for Sustainably Sourced 2,5 Furan Dicarboxylic Acid
Abstract
Currently, there is a significant market for terephthalic acid (TPA)--a precursor for the ubiquitous plastic
polymer polyethylene terephthalate (PET). As consumer preferences swing to more environmentally-friendly
products, sustainable plastics, such as polyethylene furanoate (PEF), become more widely desired. In this
project, the authors suggest a process for the synthesis of 2,5-Furandicarboxylic acid (FDCA), a diacid used in
the synthesis of PEF, through a multi-step procedure following current industrial practices for TPA oxidation
and patents from three sources: Synvina, a joint venture between Archer Daniels Midland (ADM) Company
and DuPont Industrial Biosciences (DuPont), and Eastman. The first step of the process involves the
isomerization of high fructose corn syrup (HFCS) to increase the syrup’s concentration of fructose. This
fructose-rich sugar mixture is then dehydrated into hydroxymethylfurfural (HMF). The HMF is oxidized with
a Co(CH3COOH)2-Mn(CH3COOH)2-HBr catalyst in acetic acid to produce FDCA. This crude FDCA
product is then sent to a crystallizer where its FDCA-containing stream is sent to a final purification step
beyond the scope of this project statement. The process detailed here is unprofitable on a yearly basis and
would require an FDCA price premium of 422% over TPA, its direct competitor. Fundamentally, the high
price of HFCS, and the large amount of HFCS needed to produce FDCA, makes this project unprofitable.
Three suggestions are recommended to increase the profitability of the project, focusing HFCS as a feedstock.
First, we suggest a project to be sponsored to investigate the separation of glucose from polyethylene glycol, a
solvent in this process. Second, we consider the usage of a less refined, lower priced source of fructose. Third,
we consider the usage of metal salts in situ with the dehydration reactor in the process, to achieve further
isomerization of glucose to fructose.
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University of Pennsylvania School of Engineering and Applied Science 
Department of Chemical and Biomolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 
April 23, 2019 
Dear Dr. Sue Ann Allen and Professor Bruce Vrana: 
 
The enclosed report contains a proposed design for the synthesis of sustainably sourced 2,5 
furandicarboxylic acid from hexose sugars, as proposed by Dr. Bockrath. 336 M tons of high 
fructose corn syrup are fed to the process to produce 220 M tons of furandicarboxylic acid fibers 
annually. The process for this project is broken up into four major steps to produce a crude 
furandicarboxylic acid product, following patents from BASF and suggestions from the project 
statement provided by Dr. Richard Bockrath. The four steps are: glucose isomerization; fructose 
dehydration; hydroxymethylfurfural oxidation; and furandicarboxylic acid crystallization. 
 
As it stands, the process is unprofitable on an annual basis, which necessarily means it has 
a negative IRR. A 422% premium in price over the current market price of terephthalic acid, its 
closest competitor, is required to achieve a 15% IRR and an NPV of $2,499,600. We do not 
recommend proceeding with the implementation of this process at this time. We recommend 
research into improvements on this process to bring the process closer to sustainable and profitable 
production of furandicarboxylic acid. This report details the designs, analyses, and 
recommendations at each step of the process. 
 
Thank you for your guidance throughout this process. 
 
Sincerely, 
 
 Michael Bell    David Gutierrez   Kevin Wang 
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Section 1: Abstract 
 
Currently, there is a significant market for terephthalic acid (TPA)--a precursor for the 
ubiquitous plastic polymer polyethylene terephthalate (PET). As consumer preferences swing to 
more environmentally-friendly products, sustainable plastics, such as polyethylene furanoate 
(PEF), become more widely desired. In this project, the authors suggest a process for the synthesis 
of 2,5-Furandicarboxylic acid (FDCA), a diacid used in the synthesis of PEF, through a multi-step 
procedure following current industrial practices for TPA oxidation and patents from three sources: 
Synvina, a joint venture between Archer Daniels Midland (ADM) Company and DuPont Industrial 
Biosciences (DuPont), and Eastman. The first step of the process involves the isomerization of 
high fructose corn syrup (HFCS) to increase the syrup’s concentration of fructose. This fructose-
rich sugar mixture is then dehydrated into hydroxymethylfurfural (HMF). The HMF is oxidized 
with a Co(CH3COOH)2-Mn(CH3COOH)2-HBr catalyst in acetic acid to produce FDCA. This 
crude FDCA product is then sent to a crystallizer where its FDCA-containing stream is sent to a 
final purification step beyond the scope of this project statement. The process detailed here is 
unprofitable on a yearly basis and would require an FDCA price premium of 422% over TPA, its 
direct competitor. Fundamentally, the high price of HFCS, and the large amount of HFCS needed 
to produce FDCA, makes this project unprofitable. Three suggestions are recommended to 
increase the profitability of the project, focusing HFCS as a feedstock. First, we suggest a project 
to be sponsored to investigate the separation of glucose from polyethylene glycol, a solvent in this 
process. Second, we consider the usage of a less refined, lower priced source of fructose. Third, 
we consider the usage of metal salts in situ with the dehydration reactor in the process, to achieve 
further isomerization of glucose to fructose. 
  
  
 
 
 
 
 
 
Section 2: 
Introduction and Objective Time Chart 
  
Section 2.1: Introduction 
 
2,5-furan dicarboxylic acid (FDCA) is a diacid that can be substituted in place of p-
terephthalic acid (TPA) in the production of plastics. FDCA was listed as #2 on the National 
Renewable Energy Laboratory’s (NREL) list of Top Value- Added Chemicals from Biomass in 
2004.32 It is desirable as a material that would be esterified with ethylene glycol to produce “non-
drop-in” sustainable plastics. Additionally, FDCA also has value in the polybutylene terephthalate 
(PBT) market, as well as the nylon market corresponding to some diamine derivatives of FDCA. 
FDCA based plastics have been shown to have benefits over polyethylene terephthalate 
(PET) plastics, including up to ten times better oxygen barrier performance, up to four times better 
carbon dioxide barrier performance, up to two times better water barrier performance, a desirable 
higher glass transition temperature of 187°F versus 165°F, a desirable lower melting point 
temperature of 455°F versus 509°F, and demonstrated recyclability. Corbion, a Dutch company, 
has begun a proprietary process to produce FDCA from renewable resources with a reduced carbon 
footprint. On its website, Corbion advertises polyethylene furanoate (PEF) as better than PET 
because it allows consumers to keep products fresher for longer.28 This will inevitably reduce the 
amount of food waste in the long-run. Additionally, PEF is stronger than PET, meaning less is 
required for packaging, which will reduce material and transportation costs. As a fully biobased 
plastic, the replacement of PET with PEF plastics will help to reduce reliance on fossil fuels and 
emissions of carbon dioxide. 
In addition to Corbion, there are currently two commercial joint ventures (JVs) that are 
involved in the production of FDCA. The first is Synvina, which was formerly a JV between BASF 
and Avantium (BASF has since left the JV). Our process draws heavily from the BASF patents for 
the HMF step. The second JV is between Archer Daniels Midland (ADM) Company and DuPont 
Industrial Biosciences (DuPont). In 2018, ADM and DuPont announced the opening of a pilot 
plant for the production of furan dicarboxylic methyl ester (FDME), a derivative of FDCA used in 
the production of polytrimethylene furandicarboxylate (PTF) plastics, with a capacity of 60 tons 
per year, in Decatur, Illinois.4 
The first step in the production of FDCA, the dehydration of hexose sugars to form 5-
hydroxymethylfurfural (HMF), is notorious for generating a variety of undesired side products, 
including formic acid, levulinic acid, and insoluble polymers called humins.  As a feedstock, high 
fructose corn syrup (HFCS) is used due to shifting consumer tastes and the high reactivity of 
fructose. In order to maximize the amount of fructose content in the feedstock, an enzyme catalyst, 
glucose isomerase, is used to convert as much glucose into fructose as possible.  The second step 
is the oxidation of HMF into FDCA. 
The plant will produce 440 MM lb of FDCA per year in the form of a slurry, and then sent 
to a final purification process that is beyond the scope of this project. For the purposes of this 
project, a cost of $0.10 per pound in operating expenses and $0.15 per pound in capital expenses 
for this final purification process was assumed. Additionally, it is assumed that 99% of the acetic 
acid solvent that is sent to the final purification step is returned and sent to the oxidation reactor; 
therefore, our plant does not employ the use of a centrifuge to recover it. Furthermore, it is assumed 
that the manganese II acetate, cobalt II acetate, and hydrobromic acid catalyst in the oxidation step 
of the process are adequately recycled and only a small amount of the HBr needs to be replenished. 
Our plant will be located in Iowa, where HFCS feedstock and ethanol fermentation plants are 
plentiful in the event that any excess glucose from the process can be sold.33 
  
Section 2.2: Objective Time Chart 
 
Name of Project: Process for Sustainably Sourced 2,5 Furan Dicarboxylic Acid 
Project Author: Dr. Richard Bockrath 
Project Advisor: Dr. Sue Ann Allen 
Project Leaders: Michael Bell, David Gutierrez, and Kevin Wang 
Specific Goals: 
- Design a plant with a capacity equivalent to 200,000 ton per year of TPA 
Project Scope: 
In Scope 
- Produce an equivalent of 200,000-ton TPA per year of FDCA from HFCS 
- Design process, including all equipment and process conditions 
- Size and cost all equipment 
- Analyze profitability and economics of project by calculating cost of plant  
  and required pricing premium of product 
Out of Scope 
- Final purification of crude FDCA 
- Testing of patents and assumptions 
- Design of process control system 
Deliverables 
- Flowsheet of process and simulation results 
- Mass and energy balances 
- Equipment design 
- Cost of plant 
- Economic and profitability analysis to understand feasibility of project 
- Written report and presentation describing project 
Timeline 
- Mid-semester presentation on February 26, 2019 
- Final report due on April 23, 2019 
- Final presentation on April 30, 2019 
  
  
 
 
 
 
 
 
Section 3: 
Innovation Map 
 
N/A 
  
  
 
 
 
 
 
 
Section 4: 
Market and Competitive Analysis 
  
This project involves the production of FDCA for future synthesis to PEF. The market for 
PEF is still emerging and seeks to compete with the developed market of PET. As a result, the 
market for PEF and FDCA should be compared to the more established markets of PET and TPA, 
respectively. Production for TPA has increased from about 20 M kilotons in 1993 to 30 M kilotons 
in 2006 and 50 M kilotons in 2012.5 While a majority of the TPA produced goes to products other 
than PET, a significant portion (~33%) is utilized for PET.5 So, the pricing of TPA should give a 
relatively good idea for how the FDCA should be priced for the PEF market. The pricing for TPA 
in February of 2018 was about $1,047 per tonne.19 FDCA would, then, need to reach a price of 
around $0.22 per pound to be directly competitive with TPA before considering differences in 
molecular weight or a sustainable premium on FDCA. This price would be a large drop from the 
current value of FDCA. Since FDCA is not commercially produced to manufacture PEF yet, the 
market is much smaller than it could be in the future. Total American production estimates for 
FDCA in 2016 were only about 5 to 7 tonnes annually—5 orders of magnitude less than the 
production estimates for this project alone. Currently, the demand for FDCA is mainly generated 
from a need as an “intermediate in the pharmacology, agrochemical, and other chemical 
markets”.12  With a small supply and a demand for a pure product, FDCA commands a steep $1,591 
per lb.12 Total market value was about $30.6 MM in 2016, and barring a large requirement from 
the PEF market, the “demand for FDCA is expected to increase at an annual compounded growth 
rate of 12.6% to hit $55.4 million” by 2021.12 This market value and price of FDCA is therefore 
not reliable when competing with the much larger markets of TPA and PET. Even before this 
project is factored in, there are at least 10 companies including Archer Daniels Midland, Avantium, 
AVALON Industries, and Eastman, working on production and research into the process of FDCA 
synthesis from 5-HMF. 
The final product of PET from TPA has been growing slowly but steadily at approximately 
4.0% as the demand for plastics in general rise. Global PET bottle production was around $485 B 
bottles in 2016 which was around a 62% increase from $300 B in 2004 as shown in Figure 4.1.5 It 
is predicted that the production of PET bottle will increase to around $583 B by 2021.5 An increase 
in PET demand could occur if it can make a plastic bottle for the beer market—an objective that it 
has been trying to do for quite some time. However, a key problem with using plastic bottles for 
beer, instead of glass or aluminum cans, is the degradation of the beer from oxygen exposure. 
Current PET bottles that are used for soda and water do not have a high enough oxygen barrier 
causing the beer to develop an “off-taste”.10 
 
 
Figure 4.1. Global Production Capacity of PET Bottle, 2004-2021.5 This bar graph shows the increase in 
production from 2004 to 2014 to 2016. The graph also shows a projection for production in 2021.  
Along with being a sustainable product, PEF may be the answer to the plastic bottle for 
beer dilemma. PEF has an oxygen barrier that is nearly 10 times better than PET and a carbon 
dioxide barrier that is about 2.3 times better than PET.34 Because of this, oxygen takes longer to 
permeate through the plastic and be introduced into the beer. This will allow PEF beer bottles to 
have a longer shelf life before degradation of the beer occurs Additionally, PEF can be introduced 
into existing recycling technologies for PET as long as the ratio of PEF to PET is under 0.05.8 
Since the PEF market isn’t expected to be close to 5% of the PET market for the foreseeable future, 
it is safe to assume that PEF can be recycled with current technologies at capacity. 
  
  
 
 
 
 
 
 
Section 5: 
Customer Requirements 
  
The project objective requires a plant capacity equivalent to 200 kilotons per year of TPA 
to be competitive with a TPA plant. As TPA has a 6.4% higher molecular weight than FDCA, the 
plant capacity needs to be scaled for FDCA. 200 kilotons per year of TPA along with 74.5 kilotons 
of EG per year will produce 231.4 kiloton of PET per year. In order to produce an equivalent 
amount of PET by mass—231.4 kiloton of PEF per year—198.9 kiloton of FDCA per year must 
be produced. However, as the molar masses are different between the compounds, 78.8 kilotons 
of EG per year will be needed to produce the PEF at this scale. 
         While ultimately the customer requires a nearly pure, polymer-grade product of FDCA for 
the manufacturing of PEF, the final purification is beyond the scope of this project. As a result, 
this project will result in a crude product of FDCA containing mainly FDCA, 5-hydroxymethyl-2-
furancarboxylic acid (HMFCA), 5-formyl-2-furancarboxylic acid (FFCA), unreacted HMF, water, 
and acetic acid. 
         As this project involves relatively novel processes, FDCA will not be cost competitive 
versus TPA. However, the FDCA is sustainably sourced instead of petroleum-based like TPA, so 
a pricing premium can be applied. To compare the prices of FDCA to TPA, the customer has 
required the calculation of IRR and NPV for FDCA based on the market prices of TPA. A 
calculation of the pricing premium is also required where the IRR is 15% when compared to TPA. 
The NPV for this case was also calculated. 
  
  
 
 
 
 
 
 
Section 6: 
Critical-to-Quality Variables 
 
N/A 
  
  
 
 
 
 
 
 
Section 7: 
Product Concepts 
 
N/A 
  
  
 
 
 
 
 
 
Section 8: 
Superior Product Concepts 
 
N/A 
  
  
 
 
 
 
 
 
Section 9: 
Competitive (Patent) Analysis 
  
There are two major organizations currently working to commercialize this process. The 
first is a joint venture (JV) between Archer Midland Daniels (ADM) Company and DuPont 
Industrial Biosciences (DuPont). The second organization is Synvina, formerly a JV between 
BASF and Avantium (BASF has since left the JV). 
The dehydration step of the process is based on patents from BASF, mostly US9260402 
and US9169227.1,8 The patents from BASF are very detailed about the solvents, catalysts, 
temperature ranges, pressure ranges, and configuration of the reaction and separation units. In 
addition, the patents gave examples which showed favorable yields in excess of 80% under 
continuous operation. In general, the BASF patents were extremely detailed and provided a good 
basis to begin the process synthesis. 
The patents from ADM were helpful in giving the reaction conditions and choices of acid 
catalyst and solvent for the dehydration step of the process. US10017846 lists preferred acid 
catalysts (HCl, HBr, H2SO4, and HNO3) and preferred solvents (dimethoxyethane (DME or 
glyme), dioxane, tetrahydrofuran (THF), methyltetrahydrofuran (MeTHF), 2-butanol, and methyl 
isobutyl ketone (MIBK)).9 The ranges of the solvent to water ratio, temperatures, pressures, and 
residence time that were given agreed closely with those that were given in the BASF patents (that 
is, 5:1 to 2:1, 176°F to 356°F, 29.4 psig to 147.9 psig, and 1 to 60 min). 
US9776980 reported relatively low yields of HMF (45 to 55%), so information gathered 
from this patent was used sparingly in the design of this step in the process.20 Additionally, the 
patent discusses desorption as a separation process of HMF from unreacted hexose sugars and 
undesired side products, which was not the separation method of choice. However, a figure of a 
5% yield of the undesired products was given in this patent and agreed closely with what was 
ascertained from the literature; this figure was subsequently assumed in the mass balance. 
For the oxidation step, patents from Synvina, ADM, and Eastman were analyzed. While 
these patents contained useful information on the reaction parameters for oxidation, such as 
temperatures, pressures, solvents, starting materials, and catalysts, the conditions in most of the 
examples were small-scale, batch and had a long enough residence time for complete conversion 
of the HMF. So, the patents did not have a very strong correlation to an industrial-scale continuous 
process. However, the oxidation of HMF to FDCA is very similar to the well documented 
oxidation of para-xylene to TPA. Because of this, the FDCA patents were used to confirm the 
correlation between these processes and to make sure that the TPA oxidation conditions could be 
used for this project. 
The Synvina patents labeled US 8,519,167 B2 and US 8,865,921 B2 listed the starting 
materials for oxidation as 5-alkoxymethyl furfural, 2,5 di(alkoxymethyl)furan and/or HMF.16,17 
For the purposes of this project, any examples excluding HMF were disregarded. Despite this, the 
choice of a Co-Mn-Br catalyst and an acetic acid solvent are the same as the catalysts and solvent 
for the oxidation of TPA. The temperatures and pressures were also in the same range as the TPA 
process giving a yield of up to 82% of FDCA in these patents. Further confirmation of these 
reaction parameters was given in Eastman’s US 2015/0011783 A1 patent giving a yield of 70% 
with the same conditions.14 
The ADM patent labeled US 9,586,923 B2 gave insight into a continuous process for the 
oxidation of HMF to FDCA.25 However, this patent described a process using a spray of HMF 
droplets that would be oxidized in air. Since this novel practice is significantly different than the 
TPA process and the other patents, little information was taken from this patent. The temperatures, 
pressures, and catalyst were the same for this patent, though, which further confirms the similarity 
between the two processes. 
  
 
 
 
 
 
 
Section 10: 
Preliminary Process Synthesis 
  
Section 10.1: Isomerization 
 
The isomerization is necessary to convert as much of the glucose in the feedstock into 
fructose as possible. Fructose is much more reactive than glucose, and the dehydration of glucose 
gives many undesired side products with relatively little desired HMF product (~39.0%), whereas 
the dehydration of fructose gives very high yields of desired HMF product (92.9%).23,26 There are 
a number of ways to model this reversible, enzymatic, isomerization reaction, but in order to model 
it in ASPEN, the following model was chosen: 
 
 
 
 
Figure 10.1.1. Isomerization of β-D-glucopyranose into β-D-fructofuranose via a simple one-step, 
reversible, enzymatic reaction. 
 
From the literature, the following kinetic data was obtained:11 
 
Table 10.1.1: Values of Rate Constants 
 
Temperature (°F) k1 (s-1) k2 (s-1) 
122 8.6110-6 1.8110-5 
140 1.6310-5 1.9610-5 
158 2.2810-5 2.2210-5 
 
Table 10.1.2. Values of Activation Energy. 
Reaction E (cal/mol) 
1 10733 
2 2224 
Additionally, the following thermodynamic data was gathered:27 
 
Table 10.1.3.  Values of Thermodynamic Quantities 
 
Temperature (°F) ΔH (cal/mol) ΔG (cal/mol) ΔS (cal/mol) 
77 +2220 +180 +6.8 
104 +2220 +50 +6.9 
140 +2220 -90 +6.9 
158 +2220 -180 +7.0 
From the values of the rate constants alone, it is clear that the reverse reaction proceeds at 
a faster rate than the forward reaction at temperatures below 158°F. Thus, a conversion of less than 
50% was expected; indeed, from the ASPEN simulation, for a residence time of 4 hours, a 46.2% 
conversion of glucose was obtained. However, a higher temperature would require higher 
operating costs and a greater requirement for glucose isomerase, ultimately slowing down the 
operation due to more frequent replacement of the enzyme catalyst. At a temperature of 140°F, the 
reaction occurs spontaneously, and requires smaller operating costs and demand of the enzyme. 
Thus, a temperature of 140°F (operating isothermally) was selected for this step in the process.  
Section 10.2: Dehydration 
 
The reaction that takes place in this step of the process is the dehydration of fructose to 
HMF and water, as shown below:  
 
 
 
 
 
 
The BASF patent US9260402 describes this process in great detail. Specifically, it 
describes the reactor conditions, separation conditions, preferred solvents, and preferred acid 
catalysts.6 The patent states that the reactor for this step is a CSTR at 212 to 284°F and at a pressure 
between -14.0 and -10.4 psig. In addition, the patent describes various ionic liquids (ILs) from 
BASF as the preferred solvents for this step. These ILs have extremely low vapor pressures and 
are referred to as “high boilers”, indicating their utility in the separation step of this step. The 
patent ultimately specifies the use of 1-ethyl-3-methylmidazolium methanesulfonate, an IL 
produced by BASF. Correspondingly, the patent also suggests the use of methanesulfonic acid, to 
correspond with the anion from the IL. The patent also mentions two potential separation methods. 
Both methods involve the addition of stripping steam and involve a separation unit running under 
a very high vacuum. In the patent US9260402, the separation unit is run at -14.2 psig. The first 
method involves a distillation column, with the reactor product fed to the top of the column, and 
the stripping steam fed to the bottom of the column. The second method involves a simple flash 
vessel, where both the reactor product and stripping steam are fed to the bottom of the vessel. HMF 
and water vapor would be removed from the top of the column or flash vessel, while the rest of 
the reactor product mixture, including the high boiling solvent, unreacted glucose and fructose, 
Figure 10.2.1. Dehydration of β-D-fructofuranose into 5-hydroxymethylfurfural. 
and insoluble humins, would be removed from the bottom of the column or flash vessel. According 
to this patent, there are two sources of stripping steam. The first, which is used in the patent 
examples, is external stripping steam at 338°F fed to the flash vessel in a 1:1 ratio by mass. The 
second method is briefly mentioned by the patent, which suggests that steam produced from the 
reactor may be used as the stripping gas in the flash vessel. 
Following the examples in the patent, the CSTR was originally intended to be run at -14.2 
psig and 266°F. The purpose of running at sub-atmospheric pressures is to vaporize the water in 
the reactor; this water is either generated from the reaction, or due to the aqueous solution of HFCS 
entering the reactor. The vaporized water is then continuously drawn off from the reactor. This is 
to avoid the degradation byproducts of formic acid and levulinic acid, the reaction of which is 
shown below: 
 
 
Figure 10.2.2. Undesired rehydration of 5-hydroxymethylfurfural into formic acid and levulinic acid. 
The decision was made, however, to increase the pressure of the reactor from -14.2 psig to 
slightly above atmospheric pressure, approximately 1.30 psig. This decision is justified for two 
reasons. First, it is operationally simpler to run the reactor above atmospheric pressure. There is 
no air leakage, and it is not necessary to purchase expensive vacuum pumps to achieve the vacuum 
in the reactor. In addition, raising the pressure in the reactor allows the pressure of all the units and 
pipes downstream of the reactor to increase without the use of pumps as well. Therefore, raising 
the pressure of the reactor has a large effect of making the whole process less operationally 
complicated and reduces the electricity requirements, needed to pull the vacuum, of the system as 
well. Second, the main goal of running the reactor at sub-atmospheric pressures is to remove as 
much water from the reaction mixture as possible, and to do it as quickly as possible. As shown in 
the mass balances later, over 60% of the water leaving the reactor does so in the vapor phase, 
indicating that there is adequate water removal from the reactor.  
Two separation methods were investigated throughout the course of this project. First, the 
use of a distillation column was investigated. However, the separation was not efficient, and the 
column was unreasonably large. Therefore, the decision was made to use a flash vessel to achieve 
the desired separation. The examples in US9260402 use external steam at 338°F as the stripping 
gas, fed in a 1:1 mass ratio with the liquid product mixture exiting the reactor.5 However, this 
introduced incredible amounts of complexity downstream of the flash vessel. In this configuration, 
approximately 660,000 lb/hr of steam is needed to be cooled, condensed, and pumped to 
atmospheric pressure. This is simply unreasonable and unrealistic. The patent also mentions the 
use of water vapor as the result of the reaction, and from the aqueous solutions of the raw materials 
going into the reactor, as the stripping gas. This is the configuration that was ultimately 
implemented. In this configuration, the HMF in the vapor stream from the reactor is condensed, 
and the remaining water vapor is fed to the flash vessel. This achieves acceptable separation of the 
HMF from the remaining components. 
The bottoms from the flash vessel is then recycled to the dehydration reactor. Because we 
are assuming that glucose is nonreactive, and because the reaction forms insoluble humins, it is 
necessary to purge a portion of the stream to keep the inerts in check. The purge stream is therefore 
sent to a filter, where the humins are filtered out. It is assumed that 90% of the humins can be 
filtered out, and that the humins have a 50% “moisture” content. That is, that 50% of the filtered 
material is composed of the other components of the purged stream. A portion of the remaining 
liquid can be recycled to the dehydration reactor. However, the whole stream cannot be recycled, 
because a sufficient amount of glucose must be purged. 
The vapor product from the flash vessel is sent to a partial condenser, where the HMF is 
condensed. The water vapor exiting the condenser is at a low pressure, and must be brought to 
atmospheric, so that it can be treated in a wastewater treatment plant. To recover some useful heat 
from the waste steam stream, a mechanical vapor recompression (MVR) system was included. 
This system is also able to pull a vacuum to the flash vessel, which is operating at -13.2 psig. The 
MVR compresses the steam to slightly above atmospheric pressure. The steam exiting the MVR 
is superheated. It can therefore be used to heat a large number of colder streams throughout the 
process. 
One final change relative to the BASF patents was implemented. The final patent, 
US9260402, specifies the use of an IL as the high boiling solvent in this process.6 This is supported 
by data from an older patent from BASF, US9162998.2 Example 1 from this patent shows that the 
yield of HMF in an IL is significantly higher, at 84%, than in polyethylene glycol (PEG) 600, at 
43%. The decision was made to use an IL as the high boiling solvent, contingent on the ability to 
recover the vast majority of the IL. However, this turned out not to be possible. In addition, a price 
of $11.34-$13.61 per lb for the IL was provided by a BASF representative. Given the amount of 
makeup required per hour, the use of an IL was economically unfeasible. Therefore, the decision 
was made to switch to a polyethylene glycol polymer, in line with the patent recommendations. 
The only stipulation is that the polymer must boil at a temperature above 392°F, limiting the choice 
primarily to PEG 400 and PEG 600. 
Section 10.3: Oxidation 
 
During this step of the process, HMF is oxidized to HMFCA then to FFCA and further to 
FDCA where oxygen is used as the oxidant for each step. This reaction is shown in figure 10.3.1. 
This process is performed continuously in a CSTR. 
 
Figure 10.3.1. Complete oxidation of HMF to FDCA with intermediary products of HMFCA and FFCA is shown. 
The conditions for this process show clear similarities to the oxidation of para-xylene to 
TPA. The commercial process for the oxidation of TPA is known as the Amoco process and is 
characterized by the use of cobalt(II) acetate and manganese(II) acetate catalysts with a bromine 
promoter in a solvent of acetic acid. Since the present reaction of HMF to FDCA is not as well 
studied, any gaps in information for the project’s process has been filled in with the information 
from the TPA process. For example, the FDCA oxidation step is known to be highly exothermic, 
but information is not readily available, so it is supplemented with TPA’s heat of reaction of -
574,210 BTU/lbmol of TPA. Further, the combustion of acetic acid (with a heat of combustion of 
-871,700 BTU/lbmol of AcOH) in the CSTR is modeled after industrial scale practices where 5% 
of the acetic acid is burned off according to the reaction: 
      
Figure 10.3.2. Undesired combustion of acetic acid. 
The patents mentioned in section 9 also use a Co-Mn-Br catalyst in acetic acid. Synvina 
patent US 8,519,167 B2 has the highest yield of FDCA at 82% in example 3c with a pressure of 
289.1 psig, temperature of 356°F, and Co/Mn/Br ratio of 1/5/20.16 Also, from this example, an 
oxygen to HMF ratio of 2.69 moles/1 mole is employed. For this project, a ratio of 3 moles of 
oxygen/1 mole of HMF was used by taking into consideration this example along with the need 
for slightly more oxygen for the combustion of acetic acid. The later Synvina patent US 8,865,921 
B2, however, uses a catalyst ratio of 1/1/1 in example 1a with a yield of 76.6% and suggests 
bromine ratios higher than this would cause corrosion to be a large problem on commercial scale.16 
So, the ratio of Co/Mn/Br catalyst used in this project is 1/1/1. Also, according to US 8,865,921 
B2, a temperature above 356°F leads to decarboxylation and other degradation of HMF whereas 
good results have been achieved at 356°F.16 A pressure of 289.1 psig was used for the oxidation 
reactor because it was in the acceptable range of 216-435 psig from the Amoco process and showed 
good results in example 3c of US 8,519,167 B2 and example 1a of US 8,865,921 B2.16,17 From 
Synvina patent 8,519,167 B2, a ratio of 22.3 moles of acetic acid per mole of HMF is suggested 
as ideal for reactor conditions.17 Also, the solvent chosen for the project is 15% water and 85% 
acetic acid by weight because there is water coming in from the dehydration step and the 
introduction of a small amount of water in the solvent keeps the reaction running efficiently while 
slightly mitigating corrosive effects on the reactor. 
While the examples from the patents have shown yields of FDCA of around 70-80% with 
a 100% conversion of HMF, Eastman’s patent US 2015/0011783A1 suggests that the yield would 
be significantly higher for a continuous process.14 This holds true for the Amoco process where 
more than 98% of para-xylene reacts to give typical yields of approximately 95% TPA. Since there 
is not enough information for the conversion of HMF and yield of FDCA in an industrial scale, 
continuous process, Dr. Bockrath has advised to assume 85% of the HMF becomes FDCA on a 
mole basis where the other 15% is a result of unreacted HMF, burnt substrate, and undesired 
byproducts. 
The flow rate of HMF entering the CSTR is 52,946 pounds per hour along with 236,230 
pounds per hour of air, 2,422 pounds per hour of catalyst, 47,344 pounds per hour of water, and 
517,032 pounds per hour acetic acid. Dr. Bockrath advised to assume that 99% of the acetic acid 
and catalyst sent to the final purification step is recycled back to the oxidation reactor. The air 
entering the reactor will be compressed before the reactor to 289.1 bar and cooled to 356°F with 
cooling water. The slurry leaving the oxidation reactor will continue onto the crystallization 
section. The gases leaving the reactor are cooled to 100°F with cooling water to partially condense 
the vapor. The condensed stream is refluxed back to the reactor while the vapor stream is cooled 
even further to 50°F with chilled water. This is performed for explosion concerns. As suggested 
by industrial consultants, the concentration of oxygen must be lower than 5% in the off-gas stream 
if acetic acid is present to limit the occurrence of explosions. Also, concentrations of acetic acid 
must be lower than 50 ppm to be let out to the air for safety concerns. 
The reactor will be held at 356°F and 289.1 psig and was initially going to be designed 
with stainless steel, however since the components of HBr and hot acetic acid corrode stainless 
steel, the reactor will be made from carbon steel and clad with a titanium lining. All the pumps 
and heat exchangers that are pushing acetic acid or HBr are also made of titanium to prevent 
corrosion. Because of the highly exothermic nature of the reaction, multiple cooling processes 
were considered to remove the generated heat. The three main options were the introduction of an 
inert gas to the reactor, cold bursts of reactant into the reactor, or a pump around cooler. The pump-
around-cooler pumps the contents of the reactor out, cools them, and then pumps them back into 
the reactor. Since the oxidant being used is air, there is already a large amount of inert nitrogen 
being pumped into the reactor. The pump-around-cooler was chosen over the cold bursts because 
it took about the same amount of cooling water while using less equipment. 
 
Section 10.4: Crystallization 
 
As mentioned previously, the final purification of the crude FDCA product  
is very technical and complex and is beyond the scope of this project. However, an effort has been 
made to crystallize the outgoing FDCA stream coming out from the bottoms of the CSTR to purify 
the FDCA slurry, to separate it from acetic acid, and to minimize the cost of the final purification 
step. 
 Preliminary research illustrated that FDCA is highly insoluble in most common solvents at 
relatively low temperatures (that is, at temperatures from 104 to 194°F).34 Specifically, in terms of 
mole fraction, FDCA has solubilities on the order of 10-4 in both water and acetic acid. 
 Research on the crystallization of TPA illustrated that TPA is similarly insoluble in water 
at relatively low temperatures. Patents US2838565 and US3505398 both crystallize TPA at 
extremely high temperatures and pressures on the order of 520°F and 880 psig, to enhance the 
solubility of TPA in water and to keep the water in liquid state, respectively.3,13 US9938547B2 
was also consulted but was not relevant to the process involved in the project.30 An ASPEN-
generated solubility plot of FDCA and TPA vs. temperature in water (Figure 10.4.1) using the 
NRTL-HOC thermodynamic model shows that FDCA is considerably more soluble than TPA in 
water and does not need to be crystallized at such extreme conditions. 
 Figure 10.4.1. Solubilities of FDCA and TPA vs. temperature in water (mass solute/mass solvent) for a selected 
temperature range of 160 to 522°F. 
Roughly a 4.5:1 ratio of water solvent:FDCA solute by mass was chosen for the 
crystallization step. This is in agreeance with the patents, which gives an acceptable range of a 3-
5:1 ratio of solvent to solute. The storage tanks that hold this process water have a maximum 
capacity of 30,000 gallons, which is ultimately the amount of water that was chosen to be used for 
this step. 
For the purposes of this project, an emphasis of yield of FDCA product was placed over 
purity, so the crystallization was run at atmospheric conditions, that is, 77°F and 0 psig. The 
outgoing stream of FDCA is at 356°F and 275 psig, so a heat exchanger, E-205, and a pair of 
control valves are used to cool the stream to 77°F and drop the pressure down to 0 psig, 
respectively. The heat duty associated with E-205 is 24.8 MMBtu per hour, so 826,299 lbs per 
hour of cooling water is required for its operation. The material of construction chosen for E-205 
is titanium, because of the high content of acetic acid present in the stream. The estimated bare 
module cost of E-205 is $397,007. The design of the control valves was beyond the scope of this 
project. 
Similarly, the material of construction of the crystallizer is stainless steel. While the 
operating costs of the crystallizer are minimal, the capital cost of the crystallizer itself is 
considerable, with an estimated f.o.b. purchase cost of $3,549,023.45. This is because the 
crystallizer, which is draft-tube baffled, is handling a capacity of 665.99 tons per day. This capacity 
is required to meet the demands of a plant the size of a typical TPA plant (200 kiloton per year). 
The yield of crystals is high (99.9%), and while the purity of the crystals is unknown, it is 
significantly purer than the original FDCA stream. 
  
  
 
 
 
 
 
 
Section 11: 
Assembly of Database 
  
Section 11.1: Cost of Chemicals 
 
The main raw material for this process is HFCS. HFCS comes prepared in two 
commercially available quantities in the United States--HFCS 42 and HFCS 55, where the number 
denotes the weight percentage of fructose, excluding water content (the rest is assumed to be 
glucose). HFCS 42 is available at $0.37 per pound, and HFCS 55 is available at $0.41 per pound.29 
To minimize costs of enzyme usage and to maximize yield of HMF, HFCS 55 was chosen for use 
as the feedstock for this process. This process requires 336 M tons of HFCS 55 per year to meet 
demand requirements. 
The major product is FDCA. The price of FDCA is currently valued around $1,600 per 
pound but depends on purity and quantity.12 FDCA is used in agrochemicals, pharmaceuticals, 
insecticides, antibacterials, and other chemicals. It has a 6.4% lower molecular weight than TPA. 
  
Section 11.2: ASPEN Simulations 
 
The three different steps of this process were modeled in three different ASPEN 
simulations, then subsequently combined judiciously--the isomerization and the dehydration 
simulations were combined, followed by the combination of the oxidation and crystallization 
simulations in a separate simulation file. However, stream information gathered from the 
dehydration simulation was subsequently input manually into the oxidation simulation. The 
isomerization simulation was modeled with the PENG-ROB thermodynamic model, a common 
thermodynamic model of choice for hydrocarbons. The dehydration simulation was modeled with 
NRTL for a variety of reasons, namely the properties of HMF and associated side products. The 
oxidation simulation was modeled with NRLT-HOC to encapsulate the thermodynamic properties 
of FDCA. Relevant blocks that were used in the simulations were RPLUG for the isomerization 
reaction, RCSTR for the dehydration reaction, and RSTOIC for the oxidation reaction. Distillation 
blocks were modeled with DSTWU, heat exchangers were modeled with HeatX, and pressure 
changes were modeled with Pump or Valve, depending on if the temperature was increasing or 
decreasing. Various mixers and splitters were used as well, for recycle and purge streams, for 
example. Finally, the crystallization was modeled with a Crystallizer block, and the crystallization 
reaction was created by modeling FDCA as a solid (nonconventional) component under Properties. 
ASPEN was mainly used for mass and energy balances, which were then used in the calculation 
of utility costs. Storage tanks were not included in the ASPEN simulations. 
  
Section 11.3: Chemical Properties 
 
For the MSDS sheets of all the chemicals in this process, please refer to the appendix. The 
following table gives property data for the most important chemicals in this process. 
Table 11.3.1: Properties of major chemicals in this process. 
Chemical Formula Molecular Weight 
(lb/lbmol) 
Density 
(lb/ft3) 
Notes 
HFCS 55 C6H12O6 180.156 86.4 23 wt.% water 
PEG 600 C26H54O14 600 69.9 Average values given 
HMF C6H6O3 126.111 74.9 Causes skin/eye irritation, 
harmful to aquatic life 
AcOH CH3COOH 60.052 65.6 Flammable, corrosive 
FDCA C6H4O5 156.093 100. Causes eye irritation 
  
Section 11.4: Catalyst Properties 
 
Two catalysts were used in this process--glucose isomerase, an enzyme used to convert 
glucose to fructose in the isomerization step, and a manganese II acetate, cobalt II acetate, and 
hydrobromic acid catalyst used in the oxidation step. The kinetic properties associated with 
glucose isomerase were given in Section 10.1. The properties of the manganese acetate-cobalt 
acetate-hydrobromic acid catalyst, aside from being mentioned in the TPA patents, are not well-
documented in the literature, and are therefore estimated in the following table. 
Table 11.4.1: Properties of Catalysts used in this process. 
Reaction Catalyst Formula Molecular 
Weight 
(lb/lbmol) 
Density 
(lb/ft3) 
Notes 
Isomerization Glucose 
Isomerase 
EC 5.3.1.5. 170 42.45 A.K.A. xylose 
isomerase, 
Sweetzyme 
IT® 
Oxidation Mn(OAc)2-
Co(OAc)2-
HBr 
Mn(CH3COOH)2-
Co(CH3COOH)2-
HBr 
403.959 107.5 Estimated 
properties 
  
  
 
 
 
 
 
 
Section 12: 
Process Flow Diagrams and Material Balances
 Section 100 – Glucose Isomerization and Fructose Dehydration
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Oxidation
Waste Treatment
S-105S-104S-103S-101
S-120
S-117
S-131
S-141
S-142
S-137
S-140
S-124
S-144
Stream ID     S-111 S-112 S-113 S-114 S-115 S-116 S-117 S-118 S-119 S-120 
Temperature (°F)  289 219 219 392 127 127 392 392 392 392 
Pressure (psig)  1.47 1.47 1.47 -13.25 -13.25 -13.25 -13.25 0.00 0.00 0.00 
Vapor Fraction  0.01 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
Mass flow (lb/hr)  861743.9 43325.1 1087.2 126706.9 67619.4 59097.6 778372.5 778372.5 625811.5 152561.0 
Molar flow (lbmol/hr)  6864.1 2389.4 48.8 4416.9 1165.7 3251.6 4836.9 4836.9 3888.8 948.0 
Component Mass Flow (lb/hr)            
  Water  28850.6 42882.1 840.9 71463.1 13160.8 58302.3 270.0 270.0 217.1 52.9 
  Fructose  25399.1 0 0 1.1 1.1 0 25398.0 25398.0 20420.0 4978.0 
  Glucose  263587.7 0 0 0 0 0 263587.7 263587.7 211924.5 51663.2 
  Hydroxymethylfurfural 119224.4 38.6 230.0 52860.2 52683.1 177.1 66402.9 66402.9 53387.9 13015.0 
  Humins  35880.5 0.0 0.0 0.0 0.0 0.0 35880.5 35880.5 28848.0 7032.6 
  Formic Acid 294.3 400.4 9.2 692.6 159.8 532.8 2.2 2.2 1.8 0.4 
  Levulinic Acid 2637.0 3.9 7.1 1621.5 1614.4 7.1 1019.4 1019.4 819.6 199.8 
  Hydrochloric Acid 61.2 0.1 0 58.4 0.0 58.4 2.8 2.8 2.2 0.5 
  Polyethylene glycol 385809.0 0 0 0 0 0 385809.0 385809.0 310190.4 75618.6 
  Oxygen  Trace Trace Trace 2.33 0.000125 4.66 Trace Trace Trace Trace 
  Nitrogen   Trace Trace Trace 7.67 0.000342 15.34 Trace Trace Trace Trace 
Stream ID     S-101 S-102 S-103 S-104 S-105 S-106 S-107 S-108 S-109 S-110 
Temperature (°F)  77 77 156 140 215 288 77 266 266 275 
Pressure (psig)  0 1.47 1.47 0 0 0 1.47 1.47 1.47 1.47 
Vapor Fraction  0 0 0 0 0 0.03 0 1 0 0.008 
Mass flow (lb/hr)  184403.4 184403.4 184403.4 184403.4 184403.4 906265.5 54111.3 44412.3 861743.9 861743.9 
Molar flow (lbmol/hr)  3142.4 3142.4 3142.4 3142.4 3142.4 7676.1 375.6 2438.1 6864.1 6864.1 
Component Mass Flow (lb/hr)            
  Water  42412.8 42412.8 42412.8 42412.8 42412.8 42754.2 109.2 43723.0 28850.6 28850.6 
  Fructose  63895.8 63895.8 63895.8 105148.9 105148.9 126995.7 0.0 0.0 25399.1 25399.1 
  Glucose  78094.8 78094.8 78094.8 36841.8 36841.8 263587.7 0.0 0.0 263587.7 263587.7 
  Hydroxymethylfurfural 0 0 0 0 0 57119.1 0.0 268.6 119224.4 119224.4 
  Humins  0 0 0 0 0 29059.8 0.0 0.0 35880.5 35880.5 
  Formic Acid 0 0 0 0 0 1.9 0.0 409.6 294.3 294.3 
  Levulinic Acid 0 0 0 0 0 876.9 0.0 11.0 2637.0 2637.0 
  Hydrochloric Acid 0 0 0 0 0 61.2 58.8 0.1 61.2 61.2 
  Polyethylene glycol 0 0 0 0 0 385809.0 53943.3 0.0 385809.0 385809.0 
  Oxygen  0 0 0 0 0 Trace 0 Trace Trace Trace 
  Nitrogen   0 0 0 0 0 Trace 0 Trace Trace Trace 
Stream ID     S-121 S-122 S-123 S-124 S-125 S-126 S-127 S-128 S-129 S-130 
Temperature (°F)  268 255 122 122 122 122 122 123 215 382 
Pressure (psig)  0 0 0 0 0 0 0 0 0 0 
Vapor Fraction  0 0 0 0 0 0 0 0 0 0 
Mass flow (lb/hr)  152561.0 152561.0 152561.0 139750.7 12810.3 97825.5 41925.2 110635.8 41925.2 667736.7 
Molar flow (lbmol/hr)  948.0 948.0 948.0 897.3 50.8 628.1 269.2 678.9 269.2 4158.0 
Component Mass Flow (lb/hr)            
  Water  52.9 52.9 52.9 50.6 2.4 35.4 15.2 37.7 15.2 232.2 
  Fructose  4978.0 4978.0 4978.0 4756.3 221.7 3329.4 1426.9 3551.1 1426.9 21846.9 
  Glucose  51663.2 51663.2 51663.2 49362.4 2300.8 34553.7 14808.7 36854.5 14808.7 226733.3 
  Hydroxymethylfurfural 13015.0 13015.0 13015.0 12435.3 579.6 8704.7 3730.6 9284.4 3730.6 57118.5 
  Humins  7032.6 7032.6 7032.6 703.3 6329.3 492.3 211.0 6821.6 211.0 29058.9 
  Formic Acid 0.4 0.4 0.4 0.4 0.0 0.3 0.1 0.3 0.1 1.9 
  Levulinic Acid 199.8 199.8 199.8 190.9 8.9 133.6 57.3 142.5 57.3 876.9 
  Hydrochloric Acid 0.5 0.5 0.5 0.5 0.0 0.4 0.2 0.4 0.2 2.4 
  Polyethylene glycol 75618.6 75618.6 75618.6 72251.0 3367.6 50575.7 21675.3 53943.3 21675.3 331865.7 
  Oxygen  Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
  Nitrogen   Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
Stream ID     S-131 S-132 S-133 S-134 S-135 S-136 S-137 S-138 S-139 S-140 
Temperature (°F)  215 266 870 465 129 130 132 356.0 217 217 
Pressure (psig)  1.47 1.47 1.47 1.47 -13.25 14.31 304.39 304.4 1.47 1.47 
Vapor Fraction  0 0 1 1 0.00 0 0 0.0 0.95 0.91 
Mass flow (lb/hr)  54111.3 54111.3 59097.6 59097.6 68706.5 68706.5 68706.5 68706.5 59097.6 59097.6 
Molar flow (lbmol/hr)  375.6 375.6 3251.6 3251.6 1214.4 1214.4 1214.4 1214.4 3251.6 3251.6 
Component Mass Flow (lb/hr)            
  Water  109.2 109.2 58302.31 58302.31 14001.75 14001.8 14001.8 14001.8 58302.3 58302.3 
  Fructose  0 0 Trace Trace 1.1 1.1 1.1 1.1 0.0 0.0 
  Glucose  0 0 Trace Trace 0 0.0 Trace 0.0 0.0 0.0 
  Hydroxymethylfurfural 0 0 177.1 177.1 52913.1 52913.1 52913.1 52913.1 177.1 177.1 
  Humins  0 0 0 0 0 0.0 Trace Trace 0.0 0.0 
  Formic Acid 0 0 532.8 532.8 169.0 169.0 169.0 169.0 532.8 532.8 
  Levulinic Acid 0 0 7.1 7.1 1621.5 1621.5 1621.5 1621.5 7.1 7.1 
  Hydrochloric Acid 58.8 58.8 58.4 58.4 0 0.0 0.03 0.03 58.4 58.4 
  Polyethylene glycol 53943.3 53943.3 0 0 0 0.0 0.01 0.01 0.0 0.0 
  Oxygen  0 0 4.7 4.7 1.2E-04 Trace Trace Trace 4.7 4.7 
  Nitrogen   0 0 15.3 15.3 3.4E-04 Trace Trace Trace 15.3 15.3 
 Stream 
ID     S-141 S-142 S-143 S-144 
Temperature (°F)  217 217 217 104 
Pressure (psig)  1.47 1.47 1.47 1.47 
Vapor Fraction  0.74 0.58 0.55 0.00 
Mass flow (lb/hr)  59097.6 59097.6 59097.6 59097.6 
Molar flow 
(lbmol/hr)  3251.6 3251.6 3251.6 3251.6 
Component Mass Flow (lb/hr)      
  Water  58302.3 58302.3 58302.3 58302.3 
  Fructose  Trace Trace Trace Trace 
  Glucose  Trace Trace Trace Trace 
  Hydroxymethylfurfural 177.1 177.1 177.1 177.1 
  Humins  Trace Trace Trace Trace 
  Formic Acid 532.8 532.8 532.8 532.8 
  Levulinic Acid 7.1 7.1 7.1 7.1 
  Hydrochloric Acid 58.4 58.4 58.4 58.4 
  Polyethylene glycol Trace Trace Trace Trace 
  Oxygen  4.7 4.7 4.7 4.7 
  Nitrogen   15.3 15.3 15.3 15.3 
 
  
 
Stream ID S-201 S-202 S-203 S-204 S-205 S-206 S-207 S-208 S-209 
Temperature (°F) 77 79 356 356 356 612 77 887 356 
Pressure (psig) -0.2 275.4 275.4 275.4 289.9 289.9 -0.2 275.4 275.4 
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.85 1.00 1.00 1.00 
Mass flow (lb/hr) 29259 29259 68716 1057490 1057490 1057490 172813 172813 172813 
Molar flow (lbmol/hr) 487 487 1213 18841 18841 18841 5990 5990 5990 
Component Mass Flow 
(lb/hr)           
  HMF  0.0 0.0 52915.1 19114.8 19114.8 19114.8 0.0 0.0 0.0 
  FDCA  0.0 0.0 0.0 134451.0 134451.0 134451.0 0.0 0.0 0.0 
  Water  0.0 0.0 13975.1 68406.9 68406.9 68406.9 0.0 0.0 0.0 
  Oxygen  0.0 0.0 0.0 187.2 187.2 187.2 40251.0 40251.0 40251.0 
  Acetic acid  29258.9 29258.9 0.0 804692.0 804692.0 804692.0 0.0 0.0 0.0 
  Nitrogen  0.0 0.0 0.0 5916.7 5916.7 5916.7 132562.0 132562.0 132562.0 
  Carbon Dioxide 0.0 0.0 0.0 14471.2 14471.2 14471.2 0.0 0.0 0.0 
  Hydrogen  0.0 0.0 0.0 2.7 2.7 2.7 0.0 0.0 0.0 
  Mn II Acetate  0.0 0.0 0.0 2348.2 2348.2 2348.2 0.0 0.0 0.0 
  Co II Acetate  0.0 0.0 0.0 2402.4 2402.4 2402.4 0.0 0.0 0.0 
  H-Br  0.0 0.0 0.0 1093.9 1093.9 1093.9 0.0 0.0 0.0 
  Levulinic Acid  0.0 0.0 1651.9 3987.8 3987.8 3987.8 0.0 0.0 0.0 
  Formic Acid   0.0 0.0 173.9 419.7 419.7 419.7 0.0 0.0 0.0 
 
 
 
 
 
 
 
 Stream ID S-210 S-211 S-212 S-213 S-214 S-215 S-216 
Temperature (°F) 356 100 100 100 50 50 51 
Pressure (psig) 275.4 253.6 253.6 275.4 231.9 231.9 275.4 
Vapor Fraction 1.00 1.00 0.00 0.00 0.00 0.99 0.00 
Mass flow (lb/hr) 429077 164307 264770 264770 2078 164307 2078 
Molar flow (lbmol/hr) 12698 5758 6940 6940 70 5758 70 
Component Mass Flow 
(lb/hr)         
  HMF  31.1 0.0 31.1 31.1 0.0 0.0 0.0 
  FDCA  4.4 0.0 4.4 4.4 0.0 0.0 0.0 
  Water  33386.0 187.0 33199.0 33199.0 170.0 187.0 170.0 
  Oxygen  1360.1 1262.3 97.7 97.7 1.2 1262.3 1.2 
  Acetic acid  159575.0 302.6 159273.0 159273.0 297.4 302.6 297.4 
  Nitrogen  190496.0 128647.0 61848.6 61848.6 1470.3 128647.0 1470.3 
  Carbon Dioxide 43363.0 33187.0 10176.0 10176.0 138.5 33187.0 138.5 
  Hydrogen  719.7 718.6 1.1 1.1 0.0 718.6 0.0 
  Mn II Acetate  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
  Co II Acetate  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
  H-Br  37.2 2.2 35.0 35.0 0.3 2.2 0.3 
  Levulinic Acid  13.0 0.0 13.0 13.0 0.0 0.0 0.0 
  Formic Acid   91.8 0.2 91.6 91.6 0.2 0.2 0.2 
 
 
 
 
 
  
Stream ID S-219 S-220 S-221 S-222 S-223 S-224 S-225 
Temperature (°F) 356 74 77 77 77 77 77 
Pressure (psig) 275.4 275.4 0.0 0.0 0.0 275.4 275.4 
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mass flow (lb/hr) 439184 439184 250362 689546 689546 330626 330626 
Molar flow (lbmol/hr) 7915 7915 13897 21813 21813 5482 5482 
Component Mass Flow 
(lb/hr)         
  HMF  7910.798991 220 221 222 223 0 0 
  FDCA  55704.0 7910.8 0.0 7910.8 7910.8 0.0 0.0 
  Water  29468.1 55704.0 0.0 55704.0 37.7 0.0 0.0 
  Oxygen  21.0 29468.1 250362.1 279830.2 279830.2 0.0 0.0 
  Acetic acid  331605.0 21.0 0.0 21.0 21.0 328203.0 328203.0 
  Nitrogen  5384.5 331605.2 0.0 331605.2 331605.2 0.0 0.0 
  Carbon Dioxide 4842.5 5384.5 0.0 5384.5 5384.5 0.0 0.0 
  Hydrogen  0.8 4842.4 0.0 4842.4 4842.4 0.0 0.0 
  Mn II Acetate  972.7 0.8 0.0 0.8 0.8 972.7 972.7 
  Co II Acetate  995.2 972.7 0.0 972.7 972.7 995.2 995.2 
  H-Br  452.9 995.2 0.0 995.2 995.2 454.9 454.9 
  Levulinic Acid  1651.9 452.9 0.0 452.9 452.9 0.0 0.0 
  Formic Acid   173.9 1651.9 0.0 1651.9 1651.9 0.0 0.0 
 
  
 
 
 
 
 
 
Section 13: 
Process Description 
  
There are five major sections to this process: 
1. Glucose Isomerization 
2. Fructose Dehydration 
3. HMF Oxidation 
4. FDCA Crystallization 
5. FDCA Final Purification 
The final step, the final purification of FDCA, is beyond the scope of this process. The first 
two steps, glucose isomerization and fructose dehydration, have been integrated. Steps three and 
four, HMF oxidation and FDCA crystallization, have also been integrated.  
Section 13.1: Glucose Isomerization 
 
High fructose corn syrup containing 55% fructose by dry weight (HFCS 55, referred to 
here as HFCS) is fed to a tubular reactor at a rate of 184,403 pounds per hour. Seven tanks, labeled 
T-101, each of volume 916,220 gal, are required to store two weeks’ worth of HFCS supply. A 
pump, P-101, pumps this feed to a pressure 1.47 psig, to account for a pressure drop through the 
heat exchanger E-101.  
The HFCS enters R-101, a tubular reactor modeling plug flow which is packed with 
glucose isomerase. The purpose of the glucose isomerase is to isomerize glucose to fructose. R-
101 is approximately 12 feet long and achieves a glucose conversion of 46.2%. R-101 is operated 
isothermally at 140°F and atmospheric pressure and requires a net heat duty of 95,752 BTU per 
hour. The residence time of R-101 is 3.85 hours. R-101 has an associated heater, E-114, to provide 
the necessary heat duty. 
S-104, the stream exiting R-101, is mixed with S-130 and S-132 before entering R-102, 
the dehydration reactor. S-130 is a recycle from the flash tank and has a flow rate of 667,737 
pounds per hour. S-132 contains PEG and hydrochloric acid, with a total flow rate of 54,002 
pounds per hour, which has been fed through a series of process heat exchangers. PEG is stored in 
T-104, holding two weeks’ worth of PEG in a volume of 575,774 gal. Hydrochloric acid is stored 
in two tanks labeled T-102, holding two weeks’ worth of HCl in a volume of 670,000 gal each. 
Section 13.2.1: Fructose Dehydration 
 
This mixture enters R-102, the dehydration reactor. The dehydration reactor is three CSTRs 
in parallel, each with a diameter of 13.82 feet and a L/D ratio of 3, leading to a height of 41.46 feet 
and a volume of 46,499 gal. The reactors have a residence time of 74 minutes and are operated 
isothermally at 266°F and 1.47 psig. Each CSTR has an associated agitator, collectively labeled 
A-101, each requiring 38 hp. A portion of the reactor bottoms is fed to a heater, E-114, to provide 
the necessary heat duty of 4.28 MMBtu per hour. 
The vapor product contains mostly HMF and water vapor. This stream, S-108, is fed to E-
107, a condenser which removes 1.8 MMBtu per hour of heat and condenses the HMF from the 
stream. The remaining water vapor, contained in S-112, is fed to the flash vessel, F-102. 
The liquid product from R-101 contains the rest of the HMF, as well as the unreacted 
fructose and glucose, side products, and PEG. The stream is heated twice in process heat 
exchangers E-105 and E-108 before being fed to the flash vessel, F-102. 
Section 13.2.2: HMF Separation 
F-102 is a flash vessel operated at 392°F and -13.2 psig. It is a horizontal vessel with a 
diameter of 14 feet and a length of 28 feet. F-102 has a residence time of 10 minutes to allow for 
adequate vapor disengagement. A portion of the liquid portion of the flash vessel is fed to a heater, 
E-115, to provide the necessary heat duty of 77.8 MMBtu per hour. 
The vapor product of the flash vessel contains HMF, water vapor, and trace amounts of 
glucose, fructose, formic acid, and levulinic acid. This stream is fed to a partial condenser, E-109, 
which condenses the HMF into stream S-115. The remaining water vapor, in S-116, is fed to a 
mechanical vapor recompression system (MVR), C-101. 
The liquid product of the flash vessel contains unreacted sugars, PEG, humins, as well as 
some water and HMF. This stream is pumped up to atmospheric pressure, and 16.2% of the stream 
is sent to a filter, while the balance is immediately recycled to the dehydration reactor. 
The HMF product stream, the mixture of S-113 and S-115, is pumped up to 14.3 psig and 
then sent to T-106, an HMF storage tank to ensure that this process can operate independent of the 
oxidation process. A tank is also included before the pressure increase, T-105, to ensure that the 
pump does not run dry. A second pump is included to pump the HMF product stream up to 304.4 
psig to prepare it for the oxidation step of the process. 
Section 13.2.3: Humins Filtering 
 
S-120, the portion of the flash vessel bottoms which is sent to the filter, is first cooled by 
process heat exchange with S-109 and S-131. The stream is further cooled to 122°F with cooling 
water. The stream is then sent to a pressure leaf filter, where the humins are filtered out. 70% of 
the remaining liquid is purged along with the humins, and the other 30% is mixed with S-119 to 
be recycled back to the dehydration reactor. 
Section 13.2.4: Steam Recompression and Heat Exchange 
 
S-116, which is more than 99% water vapor by weight and has a flow rate of 58,150 pounds 
per hour, must be compressed and condensed so that the organic content in the stream can be 
treated. To recapture some of this work, the vapor is sent to an MVR, which compresses the stream 
to 1.47 psig and 869°F. This stream is superheated, and can be used to heat S-110, the liquid 
product from the dehydration reactor, and S-137, the HMF product stream which has been pumped 
up to 304.4 psig, before it reaches its dew point at 217°F. This steam stream is used to heat up 
various streams up to 217°F. After these heat exchange opportunities, the stream is still 53.6% 
vapor, and must be condensed using E-112 with cooling water.  
Section 13.3.1: HMF Oxidation 
 
The outgoing product from the fructose dehydration step, S-203, enters R-201, the 
oxidation reactor. Also, entering R-201 is S-202, S-209, S-213, S-216, and S-223. S-202 is a 
stream of 29,260 pounds per hour of acetic acid at 77°F and from 0 psig to 275 psig with P-201. 
S-202 is included to account for the five percent burning of acetic acid in R-201 and is fed from a 
titanium-clad storage tank, T-201, to prevent P-201 from running dry. For the oxidation to occur 
in the reactor, an oxidant must be supplied in the form of oxygen. S-207 is a stream of air flowing 
at 172,800 pounds per hour, 77°F, and 0 psig. Before this stream is fed to the reactor, S-207 must 
be compressed with C-201 to 275 psig to maintain the pressure in R-201. C-201 is a centrifugal 
compressor requiring 12,870 hp to operate and has an efficiency of 85%. The outgoing stream of 
C-201, S-208, must be cooled with cooling water in E-202 to cool the stream, S-209, to 356°F. S-
213, S-216, and S-223 are streams that are recycled from later in the process as detailed below. 
R-201 is a CSTR made of carbon steel clad with titanium to reduce the erosion caused from 
hot acetic acid and bromine. The diameter of the reactor is 35.5 feet, and the height is also 35.5 
feet for a volume of 262,000 gallons. The reactor has a residence time of 150 minutes and operates 
isothermally at 356°F and 275 psig. The CSTR also contains a titanium agitator that is supplied 
with 670 hp.  
There are two outgoing streams from the oxidation reactor. The first stream, S-218, is a 
mainly liquid slurry that will be sent to a crystallizer. The other stream, S-210, is vapor that will 
be partially condensed to clean the gas and ensure it has a low enough concentration of Br and 
acetic acid for safety concerns. The condensed liquid from the stream will be refluxed back to the 
reactor to recover solvent. 
Section 13.3.2: Pump-around Cooler for R-201 
 
To keep R-201 operating isothermally, the slurry inside the reactor is continuously pumped 
out, cooled, and fed back to the reactor. Four separate and identical streams are pumped out. Each 
stream represented as S-204 is 261,645 pounds per hour at 275 psig and each is increased to 289.9 
psig with identical pumps, P-202, to get the slurry to flow out. The composition of these streams 
are the non-vapor components of R-201. These streams are then cooled with cooling water at 90°F 
to reduce the temperature from 356°F to 100°F before being pumped back to R-201 to remove 
96.5 MMBtu per hour from the reactor from each stream. 
Section 13.3.3: Partial Condensation of Vapor from Oxidation Reactor 
 
The outgoing vapor stream from the reactor, S-210, leaves at 356°F and 275 psig. The flow 
rate of S-210 is 429,000 pounds per hour and is entirely in the vapor phase. The major composition 
of the stream by weight is 44.4% nitrogen, 37.2 % acetic acid, 10.1% carbon dioxide, 7.8% water, 
and small amounts of other components. The stream is cooled with cooling water to 100°F and 
leaves the partial condenser at 253.6 psig. The bottoms labeled as S-212 is pumped back to 275 
psig before being refluxed to R-201 at 100°F as S-213 with a flow of 264,770 pounds per hour. 
The vapor stream, S-211, leaving E-204 is fed to a condenser, E-204, where chilled water 
is used to cool the stream to 50°F at a pressure of 231.9 psig. The vapor leaving E-204 is sent off 
to the atmosphere since it now contains only 32 ppm acetic acid and 1.2 ppm Br with a total mass 
flow rate of 162,230 pounds per hour. The bottoms of E-204 is pumped back up to 275 psig with 
P-204 before being refluxed to R-201 as stream S-216 with a flowrate of 2,078 pounds per hour. 
Section 13.4: Crystallization 
 
S-217, a mostly liquid stream with a flow rate of 439,205 pounds per hour consisting of 
75.5 wt.% acetic acid and 12.7 wt.% FDCA, is sent to the crystallization part of the process. First, 
the stream is sent to a pair of control valves that drop the pressure from 275 psig to 0 psig so that 
the crystallization can be conducted at atmospheric conditions. The associated temperature of the 
stream drops from 356°F to 230°F. This reduces the heat duty required by the heat exchanger, E-
205, to cool the stream down to a temperature of 77°F. This heat duty is 24.8 MMBtu per hour, 
which requires 826,299 pounds per hour of cooling water to operate. Before being fed to the 
crystallizer, S-218 is mixed with S-219, a stream of pure process water at a flow rate of 250,362 
pounds per hour, which acts as a solvent for the crystallization in a roughly 4.5:1 water:FDCA 
ratio. These two streams are fed to the crystallizer, Cr-201, at a flow rate of 689,587 pounds per 
hour. The residence time in Cr-201 is one hour. The heat duty associated Cr-201 is 2.14 MMBtu 
per hour, requiring 71,228 pounds per hour of cooling water to operate. The outgoing stream, S-
221, is the final FDCA slurry that is sent to the final purification process. S-221 has an FDCA flow 
rate of 55,499.8 pounds per hour, or 665.998 tons of FDCA per day. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Section 14: 
Energy Balance and Utility Requirements 
  
To decrease the energy and utility requirements for this plant, process heat exchangers were 
installed. These heat exchangers, the streams involved, and the duties involved, will be detailed 
for the two major sections of the process. 
Section 14.1: Glucose Isomerization and Fructose Dehydration 
 
The major source of heat is the superheated steam exiting the MVR. This is used to heat 
up the feed to the flash vessel and the HMF exiting the reaction, before it reaches its dew point. 
Afterwards, the stream is used to heat up many of the colder streams in the process up to its dew 
point of approximately 217°F, in an effort to condense as much of the stream as possible. 
The steam is first sent to E-108 where it heats up the bottoms from the dehydration reactor 
from 275°F to 289°F. The steam is cooled from 870°F to 465°F. The heat duty of E-108 is 11.6MM 
Btu/hr, which reduces the heat duty of F-102 by the same amount.  
The steam at 465°F is then sent to heat up the HMF product stream, which enters E-110 at 132°F 
and exits at 356°F, exchanging and eliminating the need for 9.5 MMBtu/hr worth of heating. The 
steam is then cooled to its dew point at 217°F and is partially condensed so that it is 94.9% vapor. 
The partially condensed steam is then sent to heat up the combined PEG and hydrochloric acid 
stream in E-111. The PEG and hydrochloric acid enter at 77°F and leave at 215°F, and 2.2 
MMBtu/hr of heat is exchanged. The steam is further condensed to a vapor fraction of 90.9%. 
The steam is then sent to E-103, heating up the filtered recycle stream from 122°F to 215°F, 
exchanging 1.8 MMBtu/hr of heat. It is then sent to E-101, heating up the unisomerized HFCS 
from 77°F to 156°F, exchanging 9.8 MMBtu/hr of heat. The steam is finally sent to E-102, heating 
up the isomerized HFCS from 140°F to 215°F, providing 9 MMBtu/hr of heating. Ultimately, the 
steam from the MVR can be used to provide 34.1 MMBtu/hr of heat, which significantly reduces 
the heat duty required from the reactors and the flash vessel, and the utility burden of the overall 
process. 
There is also exchange of heat between other streams in the process. E-105 is used to 
exchange heat between the bottoms of R-102 and a portion of the recycled stream coming from 
the bottoms of F-102. The bottoms of R-102 should be heated to reduce the duty of F-102, and the 
bottoms of F-102 should be cooled, so that the humins can be filtered out. S-109, the bottoms of 
R-102, is heated from 266°F to 275°F. S-120, the portion of the recycled stream coming from the 
bottoms of F-102, is cooled from 392°F to 268°F. E-105 exchanges 10 MMBtu/hr of heat. E-104 
is used to exchange heat between the PEG and hydrochloric acid, which was also heated with the 
MVR steam in E-111, and the portion of the recycled stream coming from the bottoms of F-102 
which will be filtered. The PEG and hydrochloric acid must be heated to reduce the heat duty of 
R-102, up to a reasonable limit. In addition, the stream from the bottoms of F-102 must be cooled 
to 122°F. The PEG and hydrochloric acid is heated from 215°F to 266°F, and the stream from the 
bottoms of F-102 is cooled from 268°F to 255°F. Additional cooling is provided to the filtered 
bottoms of F-102 in E-106 with cooling water to allow it to reach the desired temperature of 122°F. 
  
Section 14.2: HMF Oxidation and FDCA Crystallization 
 
The two reactions occurring inside of the oxidation reactor, namely the oxidation of HMF 
to FDCA and the combustion of acetic acid in air, are very exothermic with respective heats of 
reactions of -574,210 BTU/lbmol of HMF and -871,700 BTU/lbmol of acetic acid. As a result, any 
streams entering R-201 of temperature less than the reactor’s temperature of 356°F including S-
202, S-213, S-216, and S-223 will be used to reduce the heat duty of the CSTR so it can be run 
isothermally. Those are the only instances in this section where a relatively cold stream is used to 
cool down another stream/reactor. Heat exchangers: E-201, E-202, E-203, and E-205 all use 
cooling water to cool down their ingoing streams while E-204 uses chilled water to cool down 
stream S-211 according to the values in 14.3.1. Even though the aforementioned streams of S-202, 
S-213, S-216, and S-223 are cooler than the temperature of R-201, more heat needs to be removed 
from the reactor so that the temperature of the reactor remains constant. To do this, a pump-around 
cooling system designed of four identical pumps and heat exchangers in parallel were used to 
pump the reactor slurry out and cool down the contents of the reactor before being pumped back 
in. 
  
Section 14.3 Process Requirements 
 
Tables 14.3.1 and 14.3.2 show the hourly and annual utility and electricity requirements 
for each piece of equipment in the plant. The pumps and compressors require electricity, while the 
heat exchangers, including condensers and reboilers, require utilities such as cooling water, chilled 
water, or steam. 
  
  
Table 14.3.1. Overall Utilities for Heat Exchangers. 
Table 14.3.2. Overall Electricity Usage for pumps and compressors. 
  
 
 
 
 
 
 
Section 15: 
Equipment List and Unit Descriptions 
  
Section 15.1 Pumps 
HFCS Pump: P-101 
Unit ID: P-101 Temperature: 77ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Cast Iron Work: 0.35 hp 
Specification Sheet: Section 16 Head: 2.5 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-101 is a centrifugal pump that pumps the HFCS in T-101 into the process. The mixture 
is at atmospheric pressure and needs to increase to 1.47 psig. 184,403 lb/hr of the mixture is 
flowing through the pump. Therefore, the pump head will be 2.5 ft, calculated from the equations 
shown in the Appendix. Additionally, the pump will consume about 0.35 hp of power. According 
to standard guidelines, it will be in VSC orientation with 1 stage, a shaft rpm of 3,600, and a 
maximum motor horsepower of 75. The pump efficiency is assumed to be 0.75. The pump will be 
made out of cast iron because the chemicals are not corrosive, and the temperature is fairly low. 
The purchase cost of this pump is $4,800. Because this is a liquid pump, it will have a spare in 
case of leakage. 
  
PEG Pump: P-102 
Unit ID: P-102 Temperature: 77ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Cast Iron Work: 0.13 hp 
Specification Sheet: Section 16 Head: 2.5 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-102 is a centrifugal pump that pumps the PEG in T-104 into the process. The mixture is 
at atmospheric pressure and needs to increase to 1.47 psig. 53,943 lb/hr of the mixture is flowing 
through the pump. Therefore, the pump head will be 2.4 ft, calculated from the equations shown 
in the Appendix. Additionally, the pump will consume about 0.13 hp of power. According to 
standard guidelines, it will be in VSC orientation with 1 stage, a shaft rpm of 3,600, and a 
maximum motor horsepower of 75 hp. The pump efficiency is assumed to be 0.75. The pump will 
be made out of cast iron because the chemicals are not corrosive and the temperature is fairly low. 
The purchase cost of this pump is $4,800. Because this is a liquid pump, it will have a spare in 
case of leakage.  
Hydrochloric Acid Pump: P-103 
Unit ID: P-103 Temperature: 77ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Stainless Steel 316 Work: 0.001 hp 
Specification Sheet: Section 16 Head: 3.4 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-103 is a centrifugal pump that pumps the 35% hydrochloric acid in T-102 into the 
process. The mixture is at atmospheric pressure and needs to increase to 1.47 psig. 168 lb/hr of the 
mixture is flowing through the pump. Therefore, the pump head will be 3.4 ft, calculated from the 
equations shown in the Appendix. Additionally, the pump will consume about 0.001 hp of power. 
According to standard guidelines, it will be in VSC orientation with 1 stage, a shaft rpm of 3,600, 
and a maximum motor horsepower of 75 hp. The pump efficiency is assumed to be 0.75. The pump 
will be made out of stainless steel 316 because hydrochloric acid is corrosive. The purchase cost 
of this pump is $4,664. Because this is a liquid pump, it will have a spare in case of leakage. 
  
F-102 Bottoms Pump: P-104 
Unit ID: P-104 Temperature: 392ºF 
Type: Pump Pressure Change: 13.2 psig 
Material: Stainless Steel 316 Work: 15.8 hp 
Specification Sheet: Section 16 Head: 30.1 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-104 is a centrifugal pump that increases the pressure of the bottoms stream exiting F-
102. The mixture is at -13.2 psig and needs to increase to atmospheric pressure. 778,372 lb/hr of 
the mixture is flowing through the pump. Therefore, the pump head will be 30.1 ft, calculated from 
the equations shown in the Appendix. Additionally, the pump will consume about 15.8 hp of 
power. According to standard guidelines, it will be in VSC orientation with 1 stage, a shaft rpm of 
1,800, and a maximum motor horsepower of 200 hp. The pump efficiency is assumed to be 0.75. 
The pump will be made out of stainless steel 316 due to the high temperature and presence of 
hydrochloric acid. The purchase cost of this pump is $11,695. Because this is a liquid pump, it will 
have a spare in case of leakage. 
  
HMF Product Pump A: P-105 
Unit ID: P-105 Temperature: 130ºF 
Type: Pump Pressure Change: 27.6 psig 
Material: Stainless Steel 316 Work: 2.6 hp 
Specification Sheet: Section 16 Head: 55.7 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-105 is a centrifugal pump that increases the pressure of the HMF product so that it can 
be stored in case of a shutdown of the oxidation step. The mixture is at -13.2 psig and needs to 
increase to 14.3 psig. 68,707 lb/hr of the mixture is flowing through the pump. Therefore, the pump 
head will be 55.7 ft, calculated from the equations shown in the Appendix. Additionally, the pump 
will consume about 2.6 hp of power. According to standard guidelines, it will be in VSC 
orientation with 1 stage, a shaft rpm of 3,600, and a maximum motor horsepower of 75 hp. The 
pump efficiency is assumed to be 0.75. The pump will be made out of stainless steel due to the 
presence of trace hydrochloric acid and the high temperatures. The purchase cost of this pump is 
$4,674. Because this is a liquid pump, it will have a spare in case of leakage. 
  
HMF Product Pump B: P-106 
Unit ID: P-106 Temperature: 132ºF 
Type: Pump Pressure Change: 290.1 psig 
Material: Stainless Steel 316 Work: 36.4 hp 
Specification Sheet: Section 16 Head: 586.6 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-106 is a centrifugal pump that increases the pressure of the HMF product stream so that 
it can enter the oxidation step. The mixture is at 14.3 psig and needs to increase to 304.4 psig. 
68,707 lb/hr of the mixture is flowing through the pump. Therefore, the pump head will be 586.6 
ft, calculated from the equations shown in the Appendix. Additionally, the pump will consume 
about 36.4 hp of power. According to standard guidelines, it will be in HSC orientation with 2 
stages, a shaft rpm of 3,600, and a maximum motor horsepower of 250 hp. The pump efficiency 
is assumed to be 0.75. The pump will be made out of stainless steel due to the presence of trace 
hydrochloric acid and the high temperatures. The purchase cost of this pump is $14,690. Because 
this is a liquid pump, it will have a spare in case of leakage. 
  
Dehydration Reactor Pump: P-107 
Unit ID: P-107 Temperature: 288ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Stainless Steel 316 Work: 1.8 hp 
Specification Sheet: Section 16 Head: 3.1 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-107 is a centrifugal pump that moves material from R-102 to E-114. There is a pressure 
change from atmospheric pressure to 1.47 psig to account for a pressure drop in the heat exchanger. 
2,894 lb/hr of the mixture is flowing through the pump to supply the necessary heat duty to R-102. 
The pump head will be 3.1 ft, calculated from the equations shown in the Appendix. Additionally, 
the pump will consume about 1.8 hp of power. According to standard guidelines, it will be in VSC 
orientation with 1 stage, a shaft rpm of 3,600, and a maximum motor horsepower of 75 hp. The 
pump efficiency is assumed to be 0.75. The pump will be made out of stainless steel due to the 
presence of trace hydrochloric acid and the high temperatures. The purchase cost of this pump is 
$4,664. Because this is a liquid pump, it will have a spare in case of leakage. 
  
Isomerization Reactor Pump: P-108 
Unit ID: P-108 Temperature: 140ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Cast Iron Work: 0.001 hp 
Specification Sheet: Section 16 Head: 2.6 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 P-108 is a centrifugal pump that moves material from R-101 to E-113. There is a pressure 
change from atmospheric pressure to 1.47 psig to account for a pressure drop in the heat exchanger. 
24.9 lb/hr of the mixture is flowing through the pump. Therefore, the pump head will be 2.6 ft, 
calculated from the equations shown in the Appendix. Additionally, the pump will consume about 
0.001 hp of power. According to standard guidelines, it will be in VSC orientation with 1 stage, a 
shaft rpm of 3,600, and a maximum motor horsepower of 75 hp. The pump efficiency is assumed 
to be 0.75. The pump will be made out of cast iron because the chemicals are not corrosive and 
the temperature is fairly low.  The purchase cost of this pump is $4,664. Because this is a liquid 
pump, it will have a spare in case of leakage. 
  
F-102 Pump: P-109 
Unit ID: P-109 Temperature: 392ºF 
Type: Pump Pressure Change: 1.47 psig 
Material: Stainless Steel 316 Work: 0.15 hp 
Specification Sheet: Section 16 Head: 3.3 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
  
P-109 is a centrifugal pump that moves material from F-102 to E-115. The mixture is at -
13.2 psig and needs to increase to -11.73 psig to account for a pressure drop through E-115. 68,452 
lb/hr of the mixture is flowing through the pump. Therefore, the pump head will be 3.3 ft, 
calculated from the equations shown in the Appendix. Additionally, the pump will consume about 
0.15 hp of power. According to standard guidelines, it will be in VSC orientation with 1 stage, a 
shaft rpm of 3,600, and a maximum motor horsepower of 75 hp. The pump efficiency is assumed 
to be 0.75. The pump will be made out of stainless steel due to the presence of hydrochloric acid 
and the high temperatures. The purchase cost of this pump is $4,664. Because this is a liquid pump, 
it will have a spare in case of leakage. 
 
  
FDCA Solvent Pump: P-201 
Unit ID: P-201 Temperature: 77 ºF 
Type: Pump Pressure Change: 275 psig 
Material: Titanium Work: 19.4 hp 
Specification Sheet: Section 16 Head: 593 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
P-201 is a centrifugal pump that pumps acetic acid from the acetic acid storage tank (T-
201) to the oxidation reactor. The acetic acid in the storage tank is kept at an atmospheric pressure 
of 0 psig, but it needs to be at the reactor’s pressure of 275 psig. The pump needs to handle a 
flowrate of 29,259 lb/hr of solvent. The pump head will be 593 feet calculated from equations in 
section 25.3 of the Appendix. The pump will require approximately 19.4 hp and will have a pump 
efficiency of 0.45 according to ASPEN simulations. According to standard equipment designing 
guidelines, there will be one stage and shaft rpm of 1,800. The pump will be made of titanium 
since P-201 will be pumping acetic acid and will contain small amounts of bromine—both of 
which are corrosive. The purchase cost is $70,078. An identical pump will also be included in case 
of pump leakage. 
  
FDCA Pump-around cooler pumps: P-202A, P-202B, P-202C, P-202D 
Unit ID: P-202 Temperature: 356 ºF 
Type: Pump Pressure Change: 15 psig 
Material: Titanium Work: 21.5 hp 
Specification Sheet: Section 16 Head: 38.3 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
There will be four identical pumps labelled as P-202A, P-202B, P-202C, and P-202D. Each 
P-202 pump is a centrifugal pump that pumps slurry out from the oxidation reactor to heat 
exchangers to cool the reactor’s contents. In order for the reactor’s contents to be pumped out of 
the reactor, the pressure needs to be increased by 15 psig. Each pump needs to handle a flowrate 
of 1,124,423 lb/hr. The pump head will be 38.3 feet calculated from equations in section 25.3 of 
the Appendix. Each pump will require approximately 21.5 hp and will have a pump efficiency of 
0.83 according to ASPEN simulations. According to standard equipment designing guidelines, 
there will be two stages and a shaft rpm of 3,600. The pumps will be made of titanium since P-202 
will be pumping hot acetic acid and bromine—both of which are corrosive. The purchase cost is 
$155,368. Four identical pumps will also be included in case of pump leakage in P-202A, P-202B, 
P-202C, or P-202D. 
  
FDCA Reflux Pump: P-203 
Unit ID: P-203 Temperature: 100 ºF 
Type: Pump Pressure Change: 21 psig 
Material: Titanium Work: 4.1 hp 
Specification Sheet: Section 16 Head: 51.6 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
P-203 is a centrifugal pump that pumps the reflux from the partial condenser to the 
oxidation reactor. Due to pressure drops earlier in the process, the reflux needs to have its pressure 
increased by 21 psig before entering the oxidation reactor. The pump needs to handle a flowrate 
of 156,271 lb/hr. The pump head will be 51.6 feet calculated from equations in section 25.3 of the 
Appendix. The pump will require approximately 4.1 hp and will have a pump efficiency of 0.67 
according to ASPEN simulations. According to standard equipment designing guidelines, there 
will be two stages and shaft rpm of 3,600. The pump will be made of titanium since P-203 will be 
pumping acetic acid and bromine, both of which are corrosive. The purchase cost is $174,127. An 
identical pump will also be included in case of pump leakage. 
 
  
FDCA Condenser Pump: P-204 
Unit ID: P-204 Temperature: 50 ºF 
Type: Pump Pressure Change: 43 psig 
Material: Titanium Work: .14 hp 
Specification Sheet: Section 16 Head: 320.2 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
P-204 is a centrifugal pump that pumps the condensed liquid from the condenser to the 
oxidation reactor. Due to pressure drops in the process, the condensed liquid needs to have its 
pressure increased by 43 psig before entering the oxidation reactor. The pump needs to handle a 
flowrate of 784 lb/hr. The pump head will be 320.2 feet calculated from equations in section 25.3 
of the Appendix. The pump will require only about 0.14 hp and will have a pump efficiency of 0.3 
according to ASPEN simulations. According to standard equipment designing guidelines, there 
will be one stage and a shaft rpm of 3,600. The pump will be made of titanium since P-204 will be 
pumping acetic acid and bromine, both of which are corrosive. The purchase cost is $50,012. An 
identical pump will also be included in case of pump leakage. 
  
FDCA Recycle Pump: P-205 
Unit ID: P-205 Temperature: 77 ºF 
Type: Pump Pressure Change: 15 psig 
Material: Titanium Work: 19.2 hp 
Specification Sheet: Section 16 Head: 49.6 ft 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
P-205 is a centrifugal pump that pumps the solvent and catalyst returned from the final 
purification step back to the oxidation reactor. Due to pressure drops in the process, the liquid 
needs to have its pressure increased by 15 psig before entering the oxidation reactor. The pump 
needs to handle a flowrate of 330,626 lb/hr. The pump head will be 49.6 feet calculated from 
equations in section 25.3 of the Appendix. The pump will require about 19.2 hp and will have a 
pump efficiency of 0.73 according to ASPEN simulations. According to standard equipment 
designing guidelines, there will be two stages and a shaft rpm of 3,600. The pump will be made of 
titanium since P-205 will be pumping acetic acid and bromine, both of which are corrosive. The 
purchase cost is $158,198. An identical pump will also be included in case of pump leakage. 
  
Section 15.2 Compressors 
HMF MVR: C-101 
Unit ID: C-101 Exit Temperature: 870ºF 
Type: Compressor Pressure Change: 14.7 psig 
Material: Stainless Steel Work: 8,549 hp 
Specification Sheet: Section 16 Costing Data: Section 25.3 
Design Calculation: Section 17  
 
 C-101 is a mechanical vapor recompression system (MVR), which compresses S-116, 
containing 99% by weight water vapor, up to 1.47 psig. This steam is superheated as 870ºF and is 
used to heat up various streams throughout the system. The MVR must be made of stainless steel 
to withstand this high temperature. The pressure of the vapor entering the compressor is low at -
13.2 psig, and the flowrate is 59.098 lb/hr. To increase the pressure of the stream to 1.47 psig, the 
MVR will require 8,549 hp. An isentropic efficiency of 0.6, and a mechanical efficiency of 0.95 
is assumed. The purchase cost of the MVR, provided by Professor Vrana, is $4,200,000. 
  
Centrifugal Air Compressor: C-201 
Unit ID: C-201 Temperature: 500 ºF 
Type: Multi-stage Centrifugal Compressor Pressure Change: 275 psig 
Material: Carbon Steel Work: 12,873 hp 
Specification Sheet: Section 16 Costing Data: Section 17 
Design Calculation: Section 25.3 No. of Stages: 3 
 
C-201 is a centrifugal compressor used to increase the pressure of the air stream that will 
enter the oxidation reactor. The air stream entering the compressor is at atmospheric conditions 
and needs to be increased to 275 psig before entering the reactor. The compressor needs to be able 
to handle a vapor stream of 172,813 lb/hr. C-201 has an isentropic efficiency of 0.85. The overall 
compression ratio is 20. However, since there are three equal stages in the compressor, each stage 
has a compression ratio of 2.7. Since there is a large increase in pressure, the temperature of the 
stream will also increase before leaving the compressor. The exiting stream of compressed air 
leaves at 887 F. This temperature increase is dealt with as the stream is cooled with cooling water 
in E-202. The overall work required for the compressor is 12,873 hp. C-201 is an electric 
compressor that requires 9,600 kW of power. The compressor will be made of carbon steel since 
the stream entering the compressor is non-corrosive, pure air. The purchase cost for C-201 is 
$3,991,957. Calculations for compressors are shown in section 25.3. 
 
 
Section 15.3 Utility Heat Exchangers 
HMF Pre-Humins Filter Cooler: E-106 
Unit ID: E-106 Temperature Change: 133ºF 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: Stainless Steel Area: 977 ft2 
Specification Sheet: Section 16 Heat Duty: 9.6 MMBTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-106 is used to cool the portion of the bottoms from F-102 which is sent to the filter, 
where the humins will be filtered out. The bottoms is previously cooled in E-104 and E-105 to 
255ºF, and must be further cooled to 122ºF. The stream enters the shell at 152,561 lb/hr. The heat 
exchanger has a heat duty of 9.6 MMBtu/hr. Assuming that the cooling water enters the exchanger 
at 90ºF and leaves at 120ºF, the mass flow rate of cooling water required was calculated to be 
309,387 lb/hr. The heat transfer coefficient is 132.2 BTU/(ºF-ft2-hr). The LMTD is 72ºF, making 
the area of the heat exchanger 977 ft2. The exchanger will be made of stainless steel due to the 
presence of water and hydrochloric acid at high temperatures. The purchase cost of the heat 
exchanger is $18,626. 
  
HMF R-102 Vapor Condenser: E-107 
Unit ID: E-107 Temperature Change: 47ºF 
Type: Counter-Current Heat Exchanger Pressure: 1.47 psig 
Material: Stainless Steel Area: 99 ft2 
Specification Sheet: Section 16 Heat Duty: 1.8 MMBTU/hr 
Costing Data: Section Section 17 Design Calculation: Section 25.3 
 
 E-107 is used to cool vapor effluent from R-102 and condense HMF from the stream. The 
vapor effluent must be cooled from 266ºF to 219ºF. The stream enters the shell at 44,421 lb/hr. 
The heat exchanger has a heat duty of 1.8 MMBtu/hr. Assuming that the cooling water enters the 
exchanger at 90ºF and leaves at 120ºF, the mass flow rate of cooling water required was calculated 
to be 59,961 lb/hr. The heat transfer coefficient is 132.2 BTU/(ºF-ft2-hr). The LMTD is 137ºF, 
making the area of the heat exchanger 99 ft2. The exchanger will be made of stainless steel due to 
the presence of water and hydrochloric acid at high temperatures. The purchase cost of the heat 
exchanger is $11,537. 
  
HMF F-102 Vapor Condenser: E-109 
Unit ID: E-109 Temperature Change: 265ºF 
Type: Counter-Current Heat Exchanger Pressure: -13.2 psig 
Material: Stainless Steel Area: 2,664 ft2 
Specification Sheet: Section 16 Heat Duty: 41.7 MMBTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-109 is used to condense the vapor exiting the flash drum F-102 to condense the HMF. 
The vapor effluent must be cooled from 392ºF to 127ºF. The stream enters the shell at 126,707 
lb/hr. The heat exchanger has a heat duty of 41.7 MMBtu/hr. Assuming that the cooling water 
enters the exchanger at 90ºF and leaves at 120ºF, the mass flow rate of cooling water required was 
calculated to be 1,387,983 lb/hr. The heat transfer coefficient is 132.2 BTU/(ºF-ft2-hr). The LMTD 
is 118ºF, making the area of the heat exchanger 2,664 ft2. The exchanger will be made of stainless 
steel due to the presence of water and hydrochloric acid at high temperatures. The purchase cost 
of the heat exchanger is $32,140. 
  
HMF MVR Final Condenser: E-112 
Unit ID: E-112 Temperature Change: 113ºF 
Type: Counter-Current Heat Exchanger Pressure: 1.47 psig 
Material: Stainless Steel Area: 6,589 ft2 
Specification Sheet: Section 16 Heat Duty: 37.9 MMBTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-112 is used to condense the water vapor originating from C-101. The vapor exits C-101 
superheated and has been used to heat a number of streams before entering E-112. The stream 
enters E-112 with a vapor fraction of 54.6% and at 217ºF. The vapor effluent must be cooled to 
104ºF. The stream enters the shell at 59,098 lb/hr. The heat exchanger has a heat duty of 37.9 
MMBtu/hr. Assuming that the cooling water enters the exchanger at 90ºF and leaves at 120ºF, the 
mass flow rate of cooling water required was calculated to be 1,244,160 lb/hr. The heat transfer 
coefficient is 132.2 BTU/(ºF-ft2-hr). The LMTD is 43ºF, making the area of the heat exchanger 
6,589 ft2. The exchanger will be made of stainless steel due to the presence of water and 
hydrochloric acid. The purchase cost of the heat exchanger is $61,771. 
  
ISO R-101 Heater: E-113 
Unit ID: E-113 Temperature Change: 50ºF 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: Carbon Steel Area: 100 ft2 
Specification Sheet: Section 16 Heat Duty: 95,753 BTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-113 is used to supply the required heat duty of 95,753 BTU/hr to R-101. The temperature 
change is specified to be 50ºF. According to ASPEN, the mass enthalpy of the stream entering the 
exchanger is 3,840 BTU/lb, so 24.9 lb/hr of the liquid in R-101 must be sent to the heater. 110.2 
lb/hr of 50 psig steam is used to heat the stream. The heat transfer coefficient is 176.2 BTU/(ºF-
ft2-hr). The LMTD is 158ºF, making the area of the heat exchanger conservatively 100 ft2. The 
exchanger will be made of carbon steel. The purchase cost of the heat exchanger is $11,537. 
  
HMF R-102 Heater: E-114 
Unit ID: E-114 Temperature Change: 86ºF 
Type: Counter-Current Heat Exchanger Pressure: 1.47 psig 
Material: Stainless Steel Area: 772 ft2 
Specification Sheet: Section 16 Heat Duty: 4.28 MMBTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-114 is used to supply the required heat duty of 4.28 MMBTU/hr to R-101. The 
temperature change is specified to be 86ºF. According to ASPEN, the mass enthalpy of the stream 
entering the exchanger is 1,387 BTU/lb, so 3,087 lb/hr of the liquid in R-101 must be sent to the 
heater. 4,694 lb/hr of 50 psig steam is used to heat the stream. The heat transfer coefficient is 176.2 
BTU/(ºF-ft2-hr). The LMTD is 32ºF, making the area of the heat exchanger 772 ft2. The exchanger 
will be made of stainless steel due to the presence of water and hydrochloric acid. The purchase 
cost of the heat exchanger is $23,793. 
  
HMF F-102 Reboiler: E-115 
Unit ID: E-115 Temperature Change: 33ºF 
Type: Counter-Current Heat Exchanger Pressure: -13.2 psig 
Material: Stainless Steel Area: 8,960 ft2 
Specification Sheet: Section 16 Heat Duty: 77.8 MMBTU/hr 
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 E-115 is used to supply the required heat duty of 77.8 MMBTU/hr to F-102. The 
temperature change is specified to be 33ºF. According to ASPEN, the mass enthalpy of the stream 
entering the exchanger is 1,136 BTU/lb, so 68,460 lb/hr of the liquid in F-102 must be sent to the 
heater. 101,754 lb/hr of 450 psig steam is used to heat the stream. The heat transfer coefficient is 
176.2 BTU/(ºF-ft2-hr). The LMTD is 49ºF, making the area of the heat exchanger 8,960 ft2. The 
exchanger will be made of stainless steel due to the presence of water and hydrochloric acid. The 
purchase cost of the heat exchanger is $63,641. 
 
 
 
 
 
 
  
Pump-around Heat Exchangers: E-201A, E-201B, E-201C, E-201D 
Unit ID: E-201 Temperature Change: -254 ºF 
Type: Shell-in-Tube, Fixed Head Pressure: 290 psig 
Material: Titanium Area: 13,487 ft2 
Specification Sheet: Section 16 Heat Duty: 10,233,548 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
There will be four identical heat exchangers labelled as E-201A, E-201B, E-201C, and E-
201D. Each E-201 is used to cool down the contents from the oxidation reactor so that the reactor 
remains at 356 F. There will be four identical centrifugal heat exchangers that each handle 
1,124,423 lb/hr of reactor slurry. Each heat exchanger uses 3,210,000 lb/hr of cooling water to 
cool down the streams from 354 F to 100 F before it is returned to the reactor. There is an assumed 
15 psig drop across the heat exchangers. To counteract the heat released from the exothermic 
reactions in the oxidation reactor, 10,233,548 BTU/hr of heat must be exchanged in each of the 
four heat exchangers. The heat transfer coefficient used is 100 BTU/(ºF-ft2-hr). Calculations for 
the design of heat exchangers is given in Section 25.3 of the Appendix. The log-mean-temperature-
difference for the heat exchangers is 71.5 ºF. The effective surface area for each heat exchanger is 
13,487 ft2 and the tube length is 20 ft. The material for construction of each E-201 exchanger is 
titanium because the fluid passing through the exchangers contain corrosive contents including hot 
acetic acid and bromine. The purchase cost of each heat exchanger is $1,475,515. 
 
  
Compressor Heat Exchanger: E-202 
Unit ID: E-202 Temperature Change: -531 ºF 
Type: Shell-in-Tube, Fixed Head Pressure: 275 psig 
Material: Carbon Steel Area: 1,043 ft2 
Specification Sheet: Section 16 Heat Duty: 29,647,381 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
E-202 is used to cool down the compressed air before entering the oxidation reactor. The 
heat exchanger will handle 172,813 lb/hr of air. E-202 uses 987,000 lb/hr of cooling water to cool 
down the streams from 887 F to 356 F before it enters the reactor. 29,647,381 BTU/hr of heat must 
be transferred from the compressed air stream to cooling water in the heat exchanger. The heat 
transfer coefficient used is 60 BTU/(ºF-ft2-hr). Calculations for the design of heat exchangers is 
given in Section 25.3 of the Appendix. The log-mean-temperature-difference for E-202 is 473 ºF. 
The effective surface area for the exchanger is 1,043 ft2 and the tube length is 2.5 ft. The material 
for construction of E-202 is carbon steel because the fluid passing through the exchanger is only 
air and cooling water. The purchase cost of the heat exchanger is $31,156. 
 
  
FDCA Partial Condenser: E-203 
Unit ID: E-203 Temperature Change: -256 ºF 
Type: Shell-in-Tube, Fixed Head Pressure: 275 psig 
Material: Titanium Area: 18,713 ft2 
Specification Sheet: Section 16 Heat Duty: 133,800,000 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
E-203 is used to partially condense the vapor leaving the oxidation reactor. This is 
performed mainly to recover solvent to be returned back to the oxidation reactor. The heat 
exchanger will handle 320,413 lb/hr of air. E-203 uses 4,460,000 lb/hr of cooling water to cool 
down the incoming stream from 356 F to 100 F. 133,800,000 BTU/hr of heat must be transferred 
from the vapor stream leaving the reactor to cooling water in the heat exchanger. The heat transfer 
coefficient used is 100 BTU/(ºF-ft2-hr). Calculations for the design of heat exchangers are given 
in Section 25.3 of the Appendix. The log-mean-temperature-difference for E-203 is 71.5 ºF. The 
effective surface area for the exchanger is 18,713 ft2 and the tube length is 20 ft. The material for 
construction of E-203 is titanium because the hot stream entering through the exchanger contains 
acetic acid and bromine—both of which can corrode stainless steel and carbon steel. The purchase 
cost of the heat exchanger is $1,794,823. 
 
  
FDCA Condenser: E-204 
Unit ID: E-204 Temperature Change: -50 ºF 
Type: Shell-in-Tube, Fixed Head Pressure: 254 psig 
Material: Titanium Area: 3,489 ft2 
Specification Sheet: Section 16 Heat Duty: 2,516,755 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
E-204 is used to condense the vapor leaving the partial condenser. This is performed so 
that the vapor stream leaving the condenser meets safety regulations. The outgoing stream must 
have an oxygen content of under five percent for explosion concerns since the stream contains 
acetic acid. Also, the stream must have below 50 ppm of acetic acid before being released from 
the process. The heat exchanger will handle 164,141 lb/hr of incoming vapor. E-204 uses 83,900 
lb/hr of chilled water to cool down the incoming stream from 100 F to two streams at 50 F. 
2,516,755 BTU/hr of heat must be transferred from the vapor stream leaving the reactor to the 
chilled water in the heat exchanger. The heat transfer coefficient used is 100 BTU/(ºF-ft2-hr). 
Calculations for the design of heat exchangers are given in Section 25.3 of the Appendix. The log-
mean-temperature-difference for E-203 is 7.2 ºF. The effective surface area for the exchanger is 
3,489 ft2 and the tube length is 16 ft. The material for construction of E-203 is titanium because 
the hot stream entering through the exchanger contains acetic acid and bromine—both of which 
can corrode stainless steel and carbon steel. The purchase cost of the heat exchanger is $437,880. 
 
 
Crystallizer Heat Exchanger: E-205 
Unit ID: E-205 Temperature Change: -156 ºF 
Type: Shell-in-Tube, Fixed Head Pressure: 0 psig 
Material: Titanium Area: 15,526 ft2 
Specification Sheet: Section 16 Heat Duty: 70,260,000 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
E-205 is used to cool down the FDCA slurry before it enters the crystallizer. This is 
performed because the solubility of FDCA in solvent is lower at lower temperatures, and a low 
solubility is desired to cause the crystals to drop out of solution. The heat exchanger will handle 
439,184 lb/hr of incoming slurry. E-205 uses 2,342,000 lb/hr of cooling water to cool down the 
incoming stream before entering the reactor. 70,260,000 BTU/hr of heat must be transferred from 
the vapor stream leaving the reactor to the cooling water in the heat exchanger. The heat transfer 
coefficient used is 100 BTU/(ºF-ft2-hr). Calculations for the design of heat exchangers are given 
in Section 25.3 of the Appendix. The log-mean-temperature-difference for E-203 is 41.7 ºF. The 
effective surface area for the exchanger is 15,526 ft2 and the tube length is 20 ft. The material for 
construction of E-205 is titanium because the hot stream entering through the exchanger contains 
hot acetic acid and bromine—both of which can corrode stainless steel and carbon steel. The 
purchase cost of the heat exchanger is $125,239. 
 
  
Section 15.4 Process Heat Exchangers 
HMF S-102/S-141 HX: E-101 
Unit ID: E-101 Hot Stream Temperature Change: 0ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 79ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 689 ft2 
Costing Data: Section 17 Heat Duty: 9.8 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-101 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 184,403 lb/hr cold stream, containing unisomerized HFCS, enters the heat exchanger at 77ºF 
and leaves at 156ºF. The 59,098 lb/hr hot stream, containing partially condensed steam from C-
101, enters the heat exchanger at 217ºF and a vapor fraction of 91.1% and leaves at 217ºF and a 
vapor fraction of 73.9%. The heat exchanger has a heat duty of 9.8 MMBTU/hr. The heat transfer 
coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 95ºF. The exchanger area is 689 ft2. The 
exchanger will be made of stainless steel due to the presence of water and hydrochloric acid. The 
purchase cost of the heat exchanger is $51,113. 
  
HMF S-104/S-142 HX: E-102 
Unit ID: E-102 Hot Stream Temperature Change: 0ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 75ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 2,920 ft2 
Costing Data: Section 17 Heat Duty: 9.0 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-102 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 184,403 lb/hr cold stream, containing isomerized HFCS, enters the heat exchanger at 140ºF 
and leaves at 215ºF. The 59,098 lb/hr hot stream, containing partially condensed steam from the 
MVR, enters the heat exchanger at 217ºF and a vapor fraction of 73.9% and leaves at 217ºF and a 
vapor fraction of 57.9%. The heat exchanger has a heat duty of 9.0 MMBTU/hr. The heat transfer 
coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 21ºF. The exchanger area is 2,920 ft2. The 
exchanger will be made of stainless steel due to the presence of water and hydrochloric acid. The 
purchase cost of the heat exchanger is $34,003. 
  
HMF S-127/S-140 HX: E-103 
Unit ID: E-103 Hot Stream Temperature Change: 0ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 93ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 494 ft2 
Costing Data: Section 17 Heat Duty: 1.8 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-103 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 41,925 lb/hr cold stream, containing the bottoms of F-102 which has been filtered, enters the 
heat exchanger at 122ºF and leaves at 215ºF. The 59,098 lb/hr hot stream, containing partially 
condensed steam from the MVR, enters the heat exchanger at 217ºF and a vapor fraction of 57.9% 
and leaves at 217ºF and a vapor fraction of 54.8%. The heat exchanger has a heat duty of 1.8 
MMBTU/hr. The heat transfer coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 24ºF. The 
exchanger area is 494 ft2. The exchanger will be made of stainless steel due to the presence of 
water and hydrochloric acid. The purchase cost of the heat exchanger is $14,400. 
  
HMF S-121/S-131 HX: E-104 
Unit ID: E-104 Hot Stream Temperature Change: 13ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 51ºF 
Material: Stainless Steel Pressure: 0 psig 
Specification Sheet: Section 16 Area: 515 ft2 
Costing Data: Section 17 Heat Duty: 957.9 MBTU/hr 
Design Calculation: Section 25.3  
 
 E-104 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 54,002 lb/hr cold stream, containing PEG and hydrochloric acid, enters the heat exchanger at 
215ºF and leaves at 266ºF. The 152,561 lb/hr hot stream, containing a portion of the bottoms from 
F-102, enters the heat exchanger at 268ºF and leaves at 255ºF. The heat exchanger has a heat duty 
of 957.9 MBTU/hr. The heat transfer coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 12ºF. 
The exchanger area is 515 ft2. The exchanger will be made of stainless steel due to the presence of 
water and hydrochloric acid. The purchase cost of the heat exchanger is $14,400. 
  
HMF S-109/S-120 HX: E-105 
Unit ID: E-105 Hot Stream Temperature Change: 124ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 9ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 2,427 ft2 
Costing Data: Section 17 Heat Duty: 10.0 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-105 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 861,744 lb/hr cold stream, the bottoms of R-102, enters the heat exchanger at 266ºF and leaves 
at 275ºF. The 152,561 lb/hr hot stream, containing a portion of the bottoms from F-102, enters the 
heat exchanger at 392ºF and leaves at 268ºF. The heat exchanger has a heat duty of 10.0 
MMBTU/hr. The heat transfer coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 28ºF. The 
exchanger area is 2,427 ft2. The exchanger will be made of stainless steel due to the presence of 
water and hydrochloric acid. The purchase cost of the heat exchanger is $29,516. 
  
HMF S-110/S-133 HX: E-108 
Unit ID: E-108 Hot Stream Temperature Change: 405ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 14ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 222 ft2 
Costing Data: Section 17 Heat Duty: 11.6 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-108 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 861,744 lb/hr cold stream, the bottoms of R-102, enters the heat exchanger at 275ºF and leaves 
at 289ºF. The [flowrate] lb/hr hot stream, containing steam from the MVR, enters the heat 
exchanger at 870ºF and leaves at 465ºF. The heat exchanger has a heat duty of 11.6 MMBTU/hr. 
The heat transfer coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 350ºF. The exchanger area 
is 222 ft2. The exchanger will be made of stainless steel due to the presence of water and 
hydrochloric acid. The purchase cost of the heat exchanger is $12,240. 
  
HMF S-134/S-137 HX: E-110 
Unit ID: E-110 Hot Stream Temperature Change: 248ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 224ºF 
Material: Stainless Steel Pressure: 305 psig 
Specification Sheet: Section 16 Area: 1,378 ft2 
Costing Data: Section 17 Heat Duty: 9.5 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-110 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 68,707 lb/hr cold stream, containing the HMF to be sent to the oxidation step, enters the heat 
exchanger at 132ºF and leaves at 356ºF. The 59,098 lb/hr hot stream, containing partially 
condensed steam from the MVR, enters the heat exchanger at 465ºF and leaves at 217ºF. The heat 
exchanger has a heat duty of 9.5 MMBTU/hr. The heat transfer coefficient is 149.7 BTU/(ºF-ft2-
hr), and the LMTD is 46ºF. The exchanger area is 1,378 ft2. The exchanger will be made of 
stainless steel due to the presence of water and hydrochloric acid. The purchase cost of the heat 
exchanger is $29,827. 
  
HMF S-107/S-139 HX: E-111 
Unit ID: E-111 Hot Stream Temperature Change: 0ºF 
Type: Counter-Current Heat Exchanger Cold Stream Temperature Change: 138ºF 
Material: Stainless Steel Pressure: 1.47 psig 
Specification Sheet: Section 16 Area: 455 ft2 
Costing Data: Section 17 Heat Duty: 2.3 MMBTU/hr 
Design Calculation: Section 25.3  
 
 E-111 is a counter-current heat exchanger using process fluids in both the tubes and shell. 
The 54,002 lb/hr cold stream, containing PEG and hydrochloric acid, enters the heat exchanger at 
77ºF and leaves at 215ºF. The 59,098 lb/hr hot stream, containing partially condensed steam from 
the MVR, enters the heat exchanger at 217ºF and a vapor fraction of 95.1% and leaves at 217ºF 
and a vapor fraction of 91.2%. The heat exchanger has a heat duty of 2.3 MMBTU/hr. The heat 
transfer coefficient is 149.7 BTU/(ºF-ft2-hr), and the LMTD is 33ºF. The exchanger area is 455 ft2. 
The exchanger will be made of stainless steel due to the presence of water and hydrochloric acid. 
The purchase cost of the heat exchanger is $13,963.  
Section 15.5 Reactors 
HMF Dehydration Reactor: R-102A/B/C 
Unit ID: R-102A/B/C Temperature: 266ºF 
Type: Reactor Pressure: 1.47 psig 
Material: Stainless Steel 316 Volume: 6,216 ft3 
Specification Sheet: Section 16 Heat Duty/Reactor: 1.4 MMBTU/hr  
Costing Data: Section 17 Diameter/Reactor: 14 ft 
Design Calculation: Section 25.3 Height/Reactor: 42 ft 
 Residence Time/Reactor: 74 min 
 
 R-102A/B/C are three continuous stirred tank reactors (CSTRs) in parallel, collectively 
referred to as R-102. The reaction in R-102 converts liquid fructose into liquid HMF, achieving an 
HMF yield of approximately 75-80%. Undesired reactions in R-102 convert HMF to humins, 
formic acid, and levulinic acid. The reactor conditions are 1.47 psig and 266ºF. 301,719 lb/hr of 
material enters each reactor. The heat duty each reactor is 1.4 MMBTU/hr. The liquid flowrate in 
each reactor is 71.4 ft3/min. The residence time is given in the patents as 74 minutes. Assuming a 
liquid level of 85%, the volume of each reactor is 6,216 ft3. Assuming an L/D ratio of 3, the 
diameter of each reactor is 14 ft and the height is 42 ft. The reactor will be made of stainless steel 
316 due to the presence of water and hydrochloric acid at high temperatures. The purchase cost of 
each reactor is $181,840. 
  
ISO Isomerization Reactor: R-101A/B 
Unit ID: Temperature: 140ºF 
Type: Reactor Pressure: 0 psig 
Material: Carbon Steel Volume/Reactor: 257 ft3 
Specification Sheet: Section 16 Heat Duty/Reactor: 47,876 BTU/hr  
Costing Data: Section 17 Diameter/Reactor: 3.3 ft 
Design Calculation: Section 25.3 Length/Reactor: 30 ft 
 Residence Time/Reactor: 3.85 hr 
 
 R-101A/B are two tubular reactors in parallel, collectively referred to as R-101. The 
reaction in R-101 isomerizes glucose to fructose, achieving an approximate fructose conversion of 
45-50%. The reactor conditions are 0 psig and 140ºF. Each reactor reactor has a length of 30 ft, a 
diameter of 3.3 ft, giving a volume of 257 ft3. Each reactor has a residence time of 3.85 hours. The 
required heat duty for each reactor is 47,876 BTU/hr. Each reactor is loaded with 400 kg of glucose 
isomerase on a support. To account for the need to periodically replace the glucose isomerase, a 
spare reactor is included in the equipment costs. The reactors will be made out of carbon steel 
because the fluid is non-corrosive, and the temperature is within the range for carbon steel. The 
purchase cost of each reactor is $34,699. 
  
FDCA Oxidation CSTR: R-201 
Unit ID: R-201 Temperature: 356 ºF 
Type: CSTR Pressure: 275 psig 
Material: Titanium Volume: 35,000 ft3 
Specification Sheet: Section 16 Heat Duty: 409,341,000 BTU/hr 
Costing Data: Section 17 Diameter: 35.5 ft 
Design Calculation: Section 25.3 Height: 35.5 ft 
 
R-201 is a CSTR operating isothermally at 356 F and 275 psig. The residence time for the 
reactor is 2.5 hours which was taken from the industrial process for TPA. The main reaction in R-
201 is the oxidation of HMF into HMFCA and further into FFCA and finally FDCA. None of the 
patents gave yields of the FDCA directly from HMF and the conversion of HMF in the patents 
were 100% since they were performed in batch reactors with long reaction times. So, Dr. Bockrath 
suggested to assume a conservative estimate where 85% of the HMF is converted to FDCA while 
the other 15% contains unreacted HMF, byproducts, and burnt substrate. This reaction along with 
the 5% combustion of acetic acid in the reactor are very exothermic. As a result, 409,341,000 
BTU/hr of heat is generated in the reactor. To keep the reactor operating isothermally, a portion of 
the reactor’s slurry is pumped out of the reactor, cooled down, and pumped back into the reactor. 
The reactor deals with a total incoming mass flowrate of 758,469 lb/hr. The volume of the reactor 
was determined by using the residence time of the reactor along with the incoming liquid volume 
to the reactor. The calculation for the design of the CSTR are in section 25.3 of the Appendix. The 
reactor is built with carbon steel and the interior is lined with titanium as there is hot acetic acid 
and bromine in the reactor which are both corrosive to steel. The height of the CSTR is 35.5 ft and 
the CSTR’s diameter is 35.5 ft. The purchase cost of the oxidation reactor is $11,546,292. 
 
Crystallizer: CR-201 
Unit ID: CR-201 Temperature: 77 ºF 
Type: Crystallizer Pressure: 0 psig 
Material: Stainless Steel Process Water needed: 30,000 gallons 
Specification Sheet: Section 16 Heat Duty: 1,553,000 BTU/hr  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
CR-201 is a crystallizer. The crystallizer is used to crystallize the FDCA in the non-vapor 
stream leaving the oxidation reactor before sending the crystals to the final purification step. The 
crystallizer operates isothermally at 77 F and isobarically at 0 psig. The crystallizer’s inlet stream 
contains the slurry leaving the oxidation reactor along with 30,000 gallons/hr of process water. As 
a result, the crystallizer needs to be able to handle an incoming stream of 689,546 lb/hr. Since the 
heat duty on the crystallizer is 1,553,000 BTU/hr, 51,667 lb/hr of cooling water is needed to keep 
the crystallizer operating isothermally. The calculations for the design of the crystallizer are in 
section 25.3 of the Appendix. The crystallizer will be made of stainless steel since there are only 
trace amounts of corrosive bromine in the crystallizer and the acetic acid is at a cooler temperature. 
The purchase cost of the crystallizer is $3,549,023. 
  
Section 15.5 Flash Drum 
HMF Flash Vessel: F-102 
Unit ID: F-102 Temperature: 392ºF 
Type: Flash Drum Pressure: -13.2 psig 
Material: Stainless Steel 316 Volume: 4,310 ft3 
Specification Sheet: Section 16 Diameter: 14 ft 
Costing Data: Section 17 Length: 28 ft  
Design Calculation: Section 25.3 Heat Duty: 77.8 MMBTU/hr 
 Residence Time: 10 minutes 
 
 The function of F-102 is to separate HMF and water vapor from the other materials in the 
stream. It is a horizontal tank running at subatmospheric pressure. A mixed stream enters the flash 
vessel at 905,079 lb/hr. A liquid stream and a vapor stream exit. A portion of the liquid stream is 
filtered, partially purged, and recycled, while the other portion of the liquid stream is immediately 
recycled. The vapor stream is combined with the vapor stream from the dehydration reactor and 
sent to the oxidation step of the process. The flash drum operates at 392ºF and -13.2 psig. A 
residence time of 10 minutes is assumed to allow adequate vapor disengagement. It is assumed 
that the drum is 50% liquid as well. These assumptions, with an L/D ratio of 2, yields a diameter 
of 14 ft and a length of 28 ft. The flash drum will be made of stainless steel 316 due to the presence 
of hydrochloric acid and water. The purchase cost of the drum is $102,537.  
Section 15.6 Storage and Surge Tanks 
HFCS Storage Tanks: T-101A/B/C/D/E/F/G 
Unit ID: T-101/A/B/C/D/E/F/G Temperature: 70ºF 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter/Tank: 35 ft 
Specification Sheet: Section 16 Height/Tank: 105 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The function of T-101A/B/C/D/E/F/G, collectively referred to as T-101, is to store HFCS. 
184,403 lb/hr of HFCS enters the process. It will be stored at atmospheric temperature and 
pressure. The cone roof tank will have a vent system to prevent pressure changes during filling 
and emptying. The storage tanks should allow two weeks’ worth of volume, so delivery is not too 
frequent. Using this time capacity and assuming a liquid level of 85%, the volume of each tank 
will be 916M gal. Assuming an L/D ratio of 3, each tank will have a diameter of approximately 
35 ft, and a height of approximately 105 ft. Due to the large volume of each tank, they will be built 
on site, which is industry standard for storage tank. Sections of the tanks’ walls will be delivered 
by barge. The tanks will be made of carbon steel. The purchase cost of each tank is $329,420. 
  
Hydrochloric Acid Storage Tanks: T-102A/B 
Unit ID: T-102A/B Temperature: 77ºF 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter/Tank: 34 ft 
Specification Sheet: Section 16 Height/Tank: 102 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The function of T-102A/B, collectively referred to as T-102, is to store 35% hydrochloric 
acid. 168 lb/hr of 35% hydrochloric acid enters the process. It will be stored at atmospheric 
temperature and pressure. The cone roof tank will have a vent system to prevent pressure changes 
during filling and emptying. The storage tanks should allow two weeks’ worth of volume, so 
delivery is not too frequent. Using this time capacity and assuming a liquid level of 85%, the 
volume of each tank will be 670M gal. Assuming an L/D ratio of 3, each tank will have a diameter 
of approximately 34 ft, and a height of approximately 102 ft. Due to the large volume of each tank, 
they will be built on site, which is industry standard for storage tank. Sections of the tanks’ walls 
will be delivered by barge. The tanks will be made of carbon steel. The purchase cost of each tank 
is $280,556. 
  
HMF Waste Storage Tanks: T-103A/B/C/D 
Unit ID: T-103A/B/C/D Temperature: 77ºF 
Type: Storage Tanks Pressure: 0 psig 
Material: Diameter/Tank: 35 ft 
Specification Sheet: Section 16 Height/Tank: 105 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The function of T-103A/B/C/D, collectively referred to as T-103, is to store the 110,636 
lb/hr of the bottoms from F-102 which is purged from the process. This stream contains many 
organic compounds, none of which are hazardous, so it may be treated as nonhazardous waste. It 
is assumed that this non-hazardous waste will be picked up by an external company and treated 
offsite. To account for infrequent pickups, two weeks’ worth of volume will be stored. It will be 
stored at atmospheric temperature and pressure. The cone roof tank will have a vent system to 
prevent pressure changes during filling and emptying. Using this time capacity and assuming a 
liquid level of 85%, the volume of each tank will be 847M gal. Assuming an L/D ratio of 3, each 
tank will have a diameter of approximately 35 ft, and a height of approximately 105 ft. Due to the 
large volume of each tank, they will be built on site, which is industry standard for storage tank. 
Sections of the tanks’ walls will be delivered by barge. The tanks will be made of carbon steel. 
The purchase cost of each tank is $316,391. 
  
PEG Storage Tank: T-104 
Unit ID: T-104 Temperature: 77ºF 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter: 32 ft 
Specification Sheet: Section 16 Height: 96 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The function of T-104 is to store polyethylene glycol 600 (PEG). 53,943 lb/hr of PEG 
enters the process. It will be stored at atmospheric temperature and pressure. The cone roof tank 
will have a vent system to prevent pressure changes during filling and emptying. The storage tanks 
should allow two weeks’ worth of volume, so delivery is not too frequent. Using this time capacity 
and assuming a liquid level of 85%, the volume of the tank will be 576M gal. Assuming an L/D 
ratio of 3, the tank will have a diameter of approximately 32 ft, and a height of approximately 96 
ft. Due to the large volume of tank, they will be built on site, which is industry standard for storage 
tank. Sections of the tank’s walls will be delivered by barge. The tank will be made of carbon steel. 
The purchase cost of tank is $259,569. 
  
HMF Pre-Pump Surge Tank: T-105 
Unit ID: T-105 Temperature: 129ºF 
Type: Surge Tank Pressure: -13.2 psig 
Material: Carbon Steel Diameter: 23 ft 
Specification Sheet: Section 16 Height: 68 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The purpose of T-105 is to store the HMF product stream entering P-105 to ensure that P-
105 does not run dry. The surge tank should allow one day’s worth of volume. It was assumed that 
the tank would have a liquid level of 85%. Using the time capacity of one day and the liquid level 
of 85%, the volume of the tank will be 204M gal. Assuming an L/D ratio of 3, the diameter will 
be approximately 23 ft and the height will be 68 ft. Due to the large volume of the tank, it will be 
built on site, which is industry standard for storage tanks. Sections of the tank’s wall will be 
delivered to the site by barge. The tank will be made of carbon steel because the fluids are non-
corrosive. 
  
HMF Post-Pump Storage Tank: T-106 
Unit ID: T-106 Temperature: 77ºF 
Type: Storage Tank Pressure: 14.3 psig 
Material: Carbon Steel Diameter: 23 ft 
Specification Sheet: Section 16 Height: 68 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
 The purpose of T-106 is to provide intermediate storage of the HMF product stream. This 
ensures that the isomerization and dehydration steps of the process can continue to run if the 
oxidation or crystallization steps are down. The tank should allow one day’s worth of volume. The 
liquid will be stored at atmospheric temperature and 14.3 psig. It was assumed that the tank would 
have a liquid level of 85%. Using the time capacity of one day and the liquid level of 85%, the 
volume of the tank will be 204M gal. Assuming an L/D ratio of 3, the diameter will be 
approximately 23 ft and the height will be 68 ft. Due to the large volume of the tank, it will be 
built on site, which is industry standard for storage tanks. Sections of the tank’s wall will be 
delivered to the site by barge. The tank will be made of carbon steel because the fluids are non-
corrosive. 
 
 
 
  
FDCA Solvent Tank: T-201 
Unit ID: T-201 Temperature: 77 ºF 
Type: Cone Roof Pressure: 0 psig 
Material: Carbon steel Diameter: 48 ft 
Specification Sheet: Section 16 Height: 23.8 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
This holding tank is used to store 14 days of inventory of acetic acid. T-201 is designed for 
a height of 23.8 ft and a diameter of 48 ft. The approximate volume is 315,000 gallons. The 
purchase cost for the tank is $190,492. For detailed equipment specification, please refer to section 
16. 
 
Process Water Tank: T-202 
Unit ID: T-202 Temperature: 77 ºF 
Type: Cone Roof Pressure: 0 psig 
Material: Carbon steel Diameter: 22 ft 
Specification Sheet: Section 16 Height: 10.7 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
This holding tank is used to store 14 days of process water before it enters the crystallizer. 
T-202 is designed for a height of 10.7 ft and a diameter of 22 ft. The approximate volume is 30,000 
gallons. The purchase cost for the tank is $96,071. For detailed equipment specification, please 
refer to section 16. 
 
FDCA Product Tank: T-203A, T-203B, T-203C 
Unit ID: T-203 Temperature: 77 ºF 
Type: Cone Roof Pressure: 0 psig 
Material: Carbon steel Diameter: 52 ft 
Specification Sheet: Section 16 Height: 25.5 ft  
Costing Data: Section 17 Design Calculation: Section 25.3 
 
There are 3 identical holding tanks to store 30 days of FDCA product after the process is 
completed and before the crystals are sent to the final purification step. T-203 is designed for a 
height of 25.5 ft and a diameter of 52 ft. The approximate volume is 400,000 gallons. The purchase 
cost for each tank is $344,543. For detailed equipment specification, please refer to section 16. 
 
  
Section 15.7 Agitators 
HMF Dehydration Reactors Agitators: A-102A/B/C 
Unit ID: A-102A/B/C Work/Agitator: 47 hp 
Type: Agitator Specification Sheet: Section 16 
Material: Stainless Steel 316 Costing Data: Section 17 
 
 Each dehydration reactor, R-102A, R-102B, and R-102C require a corresponding agitator. 
It is assumed that the liquid level in each reactor is 85%, and that the agitator would require 1 hp 
per 1000 gallons of reactor volume. Using this data, it was calculated that the horsepower required 
for each agitator was 47 hp. The purchase cost of each agitator is $105,000.  
  
Section 15.8 Filter 
Humins Filter: F-101 
Unit ID: F-101 Pressure: 0 psig 
Type: Rotary Pan Filter Temperature: 122ºF 
Material: Carbon Steel Area: 50.3 ft2 
Specification Sheet: Section 16 Costing Data: Section 17 
Design Calculation: Section 25.3  
 
 F-101 is a rotary pan filter that will filter out the humins, which are insoluble, from a 
portion of the purged stream from the bottom of F-102. The stream entering the filter is at 122ºF 
and atmospheric pressure. The goal of this is to keep the maximum mass fraction of humins in the 
system at approximately 0.05. It is assumed that 90% of the humins entering the filter are removed, 
and that 50% of the slurry removed is humins. The other 50% of the stream is assumed to be the 
other components of the purged stream, in proportion to their mass fractions in that stream. 301,569 
lb/day of material is filtered. It is assumed that a filter can handle 6,000 lb/day-ft2. The area of the 
filter is therefore 50.3 ft2. The purchase cost of the filter was taken from standard sources and is 
$199,482. 
  
  
 
 
 
 
 
 
Section 16: 
Specification Sheets 
  



















































   
  
 
 
 
 
 
 
Section 20: 
Equipment Cost Summary  
Table 20.1. Equipment Cost of Storage Equipment, Fabricated Equipment, and Process Machinery 
 
 
  
Most equipment costs were calculated using the Equipment Cost Spreadsheet provided by 
the professors of CBE 459. Costs of the agitators and the MVR were provided by Professor Vrana. 
Standard cost equations, given in Seider et al., 2017, were used in this spreadsheet.22 A CE cost 
index of 616 was used to account for inflation up to 2019. Table 17.1 shows the purchase and bare 
module costs of the equipment in the plant. Storage equipment includes storage and surge tanks, 
process machinery primarily refers to pumps, and fabricated equipment includes heat exchangers, 
reactors, compressors, agitators, a crystallizer, filter, and a flash drum. Figure 20.1 shows a 
breakdown of the costs. The total cost of all equipment is $97.2MM. The total cost of pump spares 
is $3.7 MM. The “Other” category includes the agitators, filter, crystallizer,  
and flash drum.
 
Figure 20.1. Pie chart showing breakdown of the total equipment cost. 
  
  
 
 
 
 
 
 
Section 18: 
Fixed Capital Investment Summary 
  
The Profitability Spreadsheet provided by the UPenn professors of CBE459 was used to 
model the financial viability of this plant.22 This plant is projected to have a 20-year life, with 2 
years of construction. While it is unreliable to forecast prices and operating costs out beyond 10 
years, we believe that analysis through the life of the plant is reasonable, if it is conducted in real 
2019 dollars. This analysis a 2% general inflation rate, so it is necessary to assume that the 
operating costs and price of FDCA remain constant relative to each other: that is, that they inflate 
at the same annual rate. 
Section 18.1: Equipment, Catalyst, and Solvent Costs 
 
The total bare module cost includes all equipment, catalysts, and solvent required at plant startup. 
The total bare module cost for this plant is $117.1 MM. This cost is broken down in the Equipment 
Cost Summary section. 
The cost of equipment also includes the cost of a mechanical vapor recompression (MVR) 
system. The purchase cost of the MVR is $4.2 MM, as advised by Professor Vrana. Since the MVR 
works to compress the steam entering it, the bare module factor used for this piece of equipment 
is 2.15, the bare module factor of a compressor given in Seider et al., 2017.22 
 The cost of manganese II acetate, cobalt II acetate, and hydrobromic acid necessary for the 
oxidation step of the process are included as capital costs here. It is assumed that substantially all 
of these components can be recycled, and therefore the operating cost of making up these 
components is negligible. The bare module factor for these components is 1.5, to account for 
delivery costs. 
The cost of PEG and acetic acid, solvents for the dehydration and oxidation steps 
respectively, necessary at startup were also included. Since the makeup rate for these components 
are substantial, the cost of makeup is also included as an operating cost. The bare module factor 
for these components is 1.5, to account for delivery costs. 
Section 18.2: Operations, Maintenance, and Overhead 
 
Discussion with Professor Vrana indicated that this plant would be extremely large and complex 
and would require about 10 operators per shift for startup, and up to 8 operators per shift throughout 
its life. There will be 5 shifts, which will allow for a 40-hour work week with 8 hour shifts. The 
remaining fixed costs were left at the default values, since we did not receive any indication that 
this process would require any unordinary operation expenses. These values are shown in Table 
18.2.1. 
Table 18.2.1. Values for Operations, Maintenance, and Overhead Costs. 
 
Section 18.3: Other Fixed Costs 
 
Property taxes and insurance costs were left at the base level of 2.00%, since we do not 
expect this plant to deviate significantly from the baseline. Depreciation was calculated in 
accordance with a 5 year MACRS schedule, which is standard for equipment used for the 
manufacture of chemicals. There are no anticipated rental fees, licensing fees, or other 
miscellaneous fees. 
Section 18.4: Total Permanent Investment 
 
There are costs associated with plant construction, which are set to the default recommended 
values.22 These values are shown in Table 18.4.1. 
Table 18.4.1. Values for Total Permanent Investment 
 
  
Section 18.5: Investment Summary 
The summary of the total investment required is shown in Table 18.5.1. This table shows that a 
total investment of $195.8 MM is required.  
Table 18.5.1. Investment Summary 
 
  
  
 
 
 
 
 
 
Section 19: 
Operating Cost 
  
Section 19.1: Raw Materials 
 
The feedstock for this process is high fructose corn syrup with 55% fructose and 45% 
glucose (HFCS 55). According to the USDA Economic Research Service (ERS), the price of 
HFCS 55 in March 2019 was $0.4123 per dry pound.29 Hydrochloric acid (HCl), which acts as a 
catalyst in the dehydration step, must also be continuously made up, as it has a low recovery rate 
in the process. The same can be said of PEG and acetic acid (AcOH), the solvent of choice in the 
dehydration step and oxidation step, respectively. Relatively speaking, the operating cost of HCl 
is small compared to the operating cost of PEG and AcOH, since very little acid is used compared 
to the other two materials. Ratios of the amount of raw material needed per pound of FDCA 
produced was calculated and input into the profitability spreadsheet. The results of this are shown 
below. The cost of HCl is from a quote given by Brenntag, a US chemicals supplier. The costs of 
AcOH and PEG are estimated from Alibaba and other sources with publicly available prices. 
 
Table 19.1.1. Costs of Raw Materials 
Raw 
Material 
Ratio (lb/lb 
FDCA) 
Cost 
($/lb) 
Annual Requirement 
(lb) 
Annual Cost 
($) 
HFCS 55 2.476 0.4123 1.1 B 447 MM 
HCl 0.007 0.20 3.1 MM 612 M 
AcOH 0.530 0.25 231.9 MM 580 MM 
PEG 0.870 0.68 380.7 MM 259 MM 
 
It is not expected that these prices remain stable long term. However, it is expected that, 
barring any unforeseen changes in the global chemical industry, these prices remain the same 
relative to each other. 
Section 19.2: Utilities 
 
Utility requirements were calculated in Section 14. Prices for these utilities are standard, 
given in Seider et al., 2017, and are not expected to vary significantly over the life of the plant.22 
Table 19.2.1. Utilities Requirement Summary and Costs. 
Utility Ratio (/lb FDCA) Cost Annual Requirement Annual Cost 
450 psig steam 1.90 lb $0.008/lb 830 MM lb $6.6 MM 
50 psig steam 0.02 lb $0.006/lb 10 MM lb $64 M 
Process Water 0.54 gal $0.0008/gal 238 MM $190 M 
Cooling Water 48.12 gal $0.0001/gal 21 B gal $2.1 MM 
Electricity 0.3 kWh $0.070/kWh 132.5 MM kWh $9.3 MM 
Chilled Water 1.52 lb $0.00031/lb 644 MM lb $206 M 
 
Section 19.3: Variable Costs 
Values for other variable costs were based on generally accepted values, expressed as a 
percentage of sales.22 These values are given in Table 19.3.1. 
 
 
 
 
Table 19.3.1. Summary of General Variable Costs. 
 
 
 Since these costs are dependent on sales, they will change as a function of the price of 
FDCA. 
 In addition, a variable cost of $0.10 per pound of FDCA produced was included to 
account for the cost of running the out-of-scope FDCA purification process. The annual cost of 
this is $43.8 MM per year. 
  
Section 19.4: Fixed Costs 
A breakdown of fixed costs is shown in Table 19.4.1. The total fixed costs for this plant is 
$27.1 MM per year. 
Table 19.4.1. Fixed Cost Breakdown. 
 
 
  
 
 
 
 
 
Section 20: 
Other Important Considerations 
  
Section 20.1: Environmental Considerations 
 
An investigation of the chemicals present in the process revealed a number of corrosive 
chemicals. Care must be taken to avoid leakage. All reactors and flash vessels will be lined with 
titanium to prevent premature corrosion and leakage. All steam produced in the dehydration 
section will be condensed and brought to atmospheric pressure to avoid unnecessary thermal 
pollution. In addition, any carbon dioxide in the flue gas from the oxidation section will be 
scrubbed and captured. Finally, all relevant environmental policies, established by the 
Environmental Protection Agency (EPA), will be implemented and followed to mitigate any 
damage to the environment. 
It may also be important to consider the environmental impact of using a clean feedstock 
like glucose, compared to the fossil fuel based feedstock for the production of TPA. It may have 
significant environmental impacts, if this process is implemented on a large scale. Therefore, this 
benefit should be considered in further studies which may attempt to justify the price premium of 
FDCA over TPA. 
  
Section 20.2: Process Control and Instrumentation Considerations 
The plant will use the process controls typical for a chemical plant. The system should either 
automatically monitor and adjust the temperatures and pressures of the streams and equipment to 
keep them at acceptable conditions or notify the operators of any issues. In particular, there should 
be instrumentation and checks associated with oxygen leaks, especially in the oxidation portion of 
the process. Acetic acid, which is the solvent used in this portion of the process, is extremely 
flammable. It is recommended by the MSDS sheets and experienced industrial consultants that the 
oxygen levels be kept below 5% by volume in the flue gas to avoid an explosion. In addition, it is 
also necessary to include instrumentation and checks associated with acid leaks. Hydrochloric 
acid, acetic acid, and hydrobromic acid are all present in the process. Acid leaks can potentially 
cause premature corrosion and may be harmful to the operators. 
  
Section 20.3: Safety and Health Considerations 
There are two major safety and health concerns relevant to this plant. Fire and explosion hazards 
are the primary concern. Acetic acid and oxygen, which are present in the oxidation section, can 
form flammable explosive mixtures above 5% oxygen by weight. Care must be taken to limit the 
amount of oxygen entering the reactor. Instrumentation to monitor the oxygen level in the reactor 
will help avoid explosions. Nitrogen blankets will also be present in storage and surge tanks to 
remove the presence of oxygen in those tanks. In addition, care must be taken to prevent acetic 
leaks in the process. These leaks have the possibility of mixing with atmospheric oxygen and 
forming a flammable mixture. 
Second, there is an acidic corrosive risk, which is a major safety risk to the plant 
operators. All pipes and reactors must be monitored, and any leaks must be quickly identified 
and fixed. For example, the oxidation section operates at a high temperature and pressure. A leak 
that can be attributed to acetic acid related corrosion would generate a hot and acidic vapor, 
which is a major risk to plant operators. 
Finally, guidelines from the National Institute of Occupational Safety and Health 
(NIOSH), and policies from the US Occupational Safety and Health Administration (OSHA) will 
be implemented and followed. 
  
  
 
 
 
 
 
 
Section 21: 
Profitability Analysis 
  
Section 21.1: Analysis of Two Business Cases 
 
The profitability of the production of FDCA from HFCS is analyzed under two 
circumstances. First, we consider the economics of this project if FDCA is sold at a price that is 
competitive to TPA. Second, we consider the economics of this project if FDCA is sold at a 
premium necessary to ensure a 15% IRR. These values assume a 2% general inflation rate. 
Section 21.1.1: Case A: Pricing Competitively to TPA 
 
Plastics Insights, a market research firm focusing on the plastics industry, prices TPA are 
$950 per short ton, or about $1050 per metric ton.19 This is equivalent to a price of $0.48 per 
pound. At this price, this plant is not feasible. The production cost of FDCA for this process is 
$1.97 per pound. This does not include the variable costs of selling, transfer, research, 
administration, and so on. At this FDCA price, this plant is unprofitable on an annual basis, making 
its NPV necessarily negative as well. The largest driver of the production cost here is the high 
fructose corn syrup, costing about $1.02 per pound of FDCA produced, or over half of the total 
production cost of FDCA. The second largest driver of the FDCA production cost is the cost of 
PEG. These two components are purged in fairly large amounts in the dehydration step of the 
Table 21.1.1.1. Profitability Measures of Process at TPA Price. 
process, due to the inability to separate the inert glucose from PEG. Improvements, and their 
economic impacts, will be explored in Section 21.2. 
Section 21.1.2: Case B: Price Premium Required for 15% IRR 
 
To bracket the potential FDCA price, we also found the price required to achieve a 15% 
IRR. We found the price that achieves a 15% IRR to be $2.50 per pound of FDCA, corresponding 
to a 422% price premium. This price achieves a 15.12% annual return, with a NPV of $2.4 MM. 
This price premium cannot be justified and is unfeasible in any situation. It is unlikely that the 
improved barrier performance and other desirable qualities of PEF compared to PET will justify 
this price premium. It is also unlikely that the environmental benefits of using a sustainable 
feedstock will justify this premium. There may be a niche market for sustainably sourced bottling 
plastics where this price premium might be tolerable, but this market would not be able to support 
the scale of production at which this plant is designed. 
Section 21.2: Potential Process Improvements and Effects on Business Case 
 
There are three improvements to the dehydration step of the process which would result in 
a decreased production cost, and therefore a lower required pricing premium. It is not possible to 
implement these improvements right now, leading us to recommend further study of the feasibility 
of these changes. 
The first improvement would be a process unit with the ability to efficiently separate 
glucose and PEG from the purge stream, after the humins are filtered out. Glucose and PEG both 
have extremely low vapor pressures, and therefore cannot be separated by distillation. In addition, 
glucose is soluble in PEG, making it unlikely that differences in solubility can be exploited. 
Therefore, a research project exploring a method of separating glucose and PEG should be 
explored. This would allow the majority of the PEG which is currently being purged to be recycled 
back to the dehydration reactor. Since PEG is the second largest component of the FDCA 
production cost, this would dramatically reduce the production cost of FDCA. 
The second improvement would be the addition of a metal catalyst into the dehydration 
reactor. US9260402, from BASF, uses a chromium salt to achieve in situ isomerization of glucose 
to fructose in the dehydration reactor.6 This would allow more glucose to isomerize to fructose, 
increasing the overall yield of the reactor, and decreasing the amount of glucose which must be 
purged, and subsequently the input rates of HFCS and PEG. Initially, this was not pursued. We 
believed it to be unnecessary to pursue in situ isomerization with the inclusion of a completely 
separate isomerization reactor. It should be fairly straightforward to understand the conversion of 
glucose to HMF in the dehydration reactor, and to understand the differential economics of adding 
the metal catalyst to the reactor, the capital investment, makeup rates, and so on. Further 
investigation should be pursued on this front. Relevant to this improvement is also our assumption 
that glucose does not react. Careful experimentation on this would relax this constraint and further 
improve the HMF yield of the dehydration reactor. 
The third improvement would be a change in the source of fructose. This can be achieved 
in two ways. First, one can look into using a cheaper source of fructose, from cane sugar, beet 
sugar, or some other unrefined sugar source. This would reduce the cost of the fructose source, 
which comprises over 50% of the FDCA production cost. However, it is unclear what impact this 
would have on the rest of the process and should therefore be investigated further. The second way 
one can change the source of fructose is by using a highly pure fructose syrup. Using the prices of 
HFCS 55 and glucose syrup from the USDA ERS, it is estimated that the price of fructose syrup 
would be approximately $0.50/dry pound, inclusive of a 10% margin for the fructose syrup 
supplier.29 This has four effects. First, the total mass of fructose syrup purchased would be reduced, 
reducing the cost of the largest component of the FDCA production cost. Second, the total amount 
of mass throughout the system is reduced, reducing the size and utility requirements throughout 
the whole system. Third, because there is no glucose in the system any more, essentially all  the 
PEG would be able to be recycled, reducing the PEG makeup rate by approximately 90%. This 
dramatically reduces the cost of PEG in the FDCA production cost. Fourth, there would be no need 
to isomerize glucose, which eliminates the glucose isomerization reactors, reducing the equipment 
costs by about $300 M. We are able to roughly estimate the impact on the economics as a result 
of these changes. A 10% reduction in utility usage, as a result of the reduced material flowing 
through the system, was assumed. A 20% reduction in equipment costs relevant to the dehydration 
step was also assumed. These assumptions resulted in an reduced FDCA production cost of $2.26, 
a 48% reduction. Clearly, even at this production cost, FDCA sourced from pure fructose syrup 
cannot be competitive on price with TPA. However, the price premium required for a 15% IRR 
drops to $3.06. This yields a 15.18% IRR and an NPV of $2.9 MM. This corresponds to a premium 
of 191%. Showing that even at this reduced production cost, FDCA is still not cost competitive 
with TPA. It does show, however, that there is significant scope to further reduce the production 
cost of FDCA, and that these improvements should be explored. 
The issue, it must be said, of using pure fructose syrup as a feedstock is that it defeats the 
incentive for the process. HFCS is abundantly produced and in vast supply. It is not clear that the 
market for pure fructose syrup is large enough to support a plant of this size, nor that the production 
of the pure fructose syrup remains within our plan of sustainability and environmental friendliness.  
We therefore recommend the exploration of the following three topics as further 
improvements to the dehydration process: in situ glucose isomerization, separation of glucose and 
PEG from one another, and the use of a cheaper, less refined, sugar source. 
  
 
 
 
 
 
 
Section 22:  
Conclusions and Recommendations 
  
To achieve a 15% IRR, a price premium of 422% over the market price of FDCA is 
required. We therefore do not recommend proceeding with this process at this time. In the big 
picture, however, this process would allow plastic bottle manufacturers to use a sustainably 
sourced material with superior properties in their bottles. These two points suggest that further 
investigation into this process in an effort to reduce the price premium such that it becomes an 
economically viable replacement for TPA. Further effort should also be put into either increasing 
the yield of FDCA from HFCS, or into using a different source of fructose and glucose. We 
recommend investigating in situ glucose isomerization, separation of glucose and PEG from one 
another, and the use of a cheaper, less refined, sugar source pursuant to this goal. While HFCS is 
abundant and would allow production of a superior plastic, the fact remains that the cost of HFCS 
is too high compared to the cost of TPA. There is likely no way for this process to be economically 
viable if the price of HFCS remains high. In addition, there is likely very little scope to increase 
the price of FDCA, since processes which produce TPA will likely have low margins and would 
not be able to handle a large increase in their production costs. Therefore, investigation into 
reduced use of HFCS, or the use of a cheaper source of fructose, would dramatically reduce the 
price premium required, and move this process closer to economic attractiveness. 
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Section 25.1: 
Project Problem Statement 
  
4. Process for Sustainably Sourced 2,5 Furan Dicarboxylic Acid  
(Recommended by Rick Bockrath, Consultant – formerly DuPont)  
Problem Statement  
You work for a major plastic manufacturer. Your company is interested in exploring the market 
for sustainably sourced polyesters such as PET. One part of the PET polymer is ethylene glycol. 
Producers in Brazil have apparently successfully started up commercial scale EG plants based on 
ethanol and are able to command a significant price premium over petrochemical EG (up to 100%) 
for select markets. Your company’s interest is in understanding the other side of the polymer – the 
diacid. Your marketing organization is optimistic that the fibers segment can accept the needed 
upcharge for a 100% sustainable product.  
Last year, a team was tasked by the marketing organization with exploring sustainably sourced p-
xylene for use as a feedstock in p-terephthalic acid (TPA) manufacture which is the other monomer 
in PET plastics. It was hoped that the TPA made from sustainable p-xylene would not require a 
significant upcharge over current pricing and you could manufacture a straightforward “drop-in” 
product. Unfortunately, their study indicated that a significant increase in TPA cost would be 
required due to the much higher cost of sustainably based p-xylene. After in-depth discussions 
with key customers, the marketing organization concluded that the upcharge could not be 
supported by the marketplace. Further work on this approach was stopped.  
The marketing organization is still very interested in a sustainable solution and has suggested that 
your team explore “non-drop-in” sustainable plastics. They have had further discussions with key 
customers who suggested using 2, 5 furan dicarboxylic acid instead of TPA for the diacid side of 
the polymer. Ideally the new plastic will be similar enough to PET in performance, handling and 
cost that it will not be disruptive to the current users’ processes and still meet current customers’ 
key needs. Marketing is optimistic since studies have found that FDCA based plastics, when 
compared to PET, have:  
a) Up to 10 times better O2 barrier performance  
b) Up to 4 times better CO2 barrier performance  
c) Up to 2 times better water barrier performance  
d) A desirable higher Tg of 86 oC versus 74 oC  
e) A Tm of 235 oC versus 265 oC  
f) Recyclability has been demonstrated.  
Your team is tasked with developing a plant design and economic estimates for a FDCA facility 
making a crude product based on recent patents and other technical literature. The ultimate product 
is highly pure FDCA based resin for fibers. Since creating a final polymer grade monomer requires 
very specialized knowledge, the marketing organization has contracted with an outside consultant 
to develop the process and cost details for upgrading the “crude FDCA” to a final high-quality 
monomer. Therefore, the final purification of the “crude FDCA” is outside of your scope. The 
consultant has suggested for now that your team should assume that the final purification step will 
cost $0.10/lb in OPEX and $0.15/lb in CAPEX.  
7  
Your focus is on defining the magnitude of the needed premium to make the venture profitable 
versus TPA. Please remember that FDCA has a 6% lower molecular weight than TPA and so 
you will need to take this into account in pricing.  
Background  
The route to FDCA is a two-step process. One starts with hexose sugars like glucose, fructose or 
high fructose syrup as the feedstock. The preferred sugar is fructose due to its much higher 
reactivity. Therefore, high fructose syrup (HFS) which is now in excess due to shifting customer 
tastes would make a good feedstock. Since HFS still contains glucose, a catalyst is added to the 
sugar to ensure the glucose is converted to fructose for conversion in the first step. The first step 
involves the formation of hydroxymethylfurfural (HMF) from the sugar via dehydration. The 
second step involves the oxidation of HMF to 2,5 FDCA. While these steps have been studied for 
many years, the conversions have been plagued by low yield and low selectivity. As an example, 
rehydration of HMF generates formic acid and levulinic acid. Polymerization of HMF and fructose 
leads to highly insoluble polymers called humins that are a waste byproduct.  
It appears that two major industrial groups may have overcome these issues and are forming 
ventures for 2,5, FDCA commercialization.  
a) Synvina – a joint venture between BASF and Avantium.  
b) ADM (Archer Daniels Midland) and DuPont  
It should be noted that many of the patents associated with the Synvina venture are listed under 
Furanix Technologies BV.  
The patent literature for both ventures indicate that the second step is done under conditions that 
are similar to p-xylene oxidation to terephthalic acid in terms of reactor design, solvent and catalyst 
system and so using TPA process knowledge from the open literature should help simplify the 
study for the second step.  
Both groups involve large, integrated, research capable companies; so, it is expected that both will 
succeed in their efforts.  
The Synvina venture seems to draw on process knowledge from both partners:  
a) BASF – HMF step  
The evolution in their thinking can be seen in US Patents 8,952,186; 9,156,802; 
9,162,998; 9,169,227; and finally summarized in 9,260,402  
b) Avantium – FDCA step  
The evolution of their thinking can be seen in US Patents 8,519,167; 8,865,921; 
and 9,643,945. Unfortunately, the patents only show experiments with 100% 
conversion and so whether the residence times were excessive and hurt selectivity 
cannot be resolved. Again, remember that the conditions are similar to the standard 
TPA process and so understanding the TPA process will be helpful to the analysis.  
The ADM/DuPont venture seems to be heavier in ADM patents. The latest ones are:  
a) HMF Step - US Patents 10,017,486 and 9,776,980. b) FDCA step - US Patents 9,957,224 
and 9,586,923  
The patent literature for the Synvina venture appears to be richer for use in your analysis based on 
a cursory review. It seems that their patents provide the most clarity on process parameters needed 
to size the equipment and calculate OPEX. That being said, it is also worth looking at the 
ADM/DuPont literature to make sure that the cursory review was correct.  
Design Basis and Processing Alternatives  
You should assume a plant capacity of 200,000 kiloton/yr of TPA in the crude mixture so that you 
are competitive to the scales of typical terephthalic acid plants.  
You will need to determine the best reaction parameters for each step of the process. Since there 
are multiple reaction steps, you should explore various configurations of the facility to determine 
the most economic design. While your focus is on a crude product, you should try to produce as 
pure a crude product as possible to simplify the final purification and minimize its cost.  
It is expected that sustainable FDCA will not be cost competitive with petrochemical based TPA. 
Therefore, a pricing premium will be required. You are to determine what market premium or 
subsidy is needed to have your 2, 5 FDCA market competitive. Your company requires a minimum 
15% IRR on this venture to move forward. The marketing organization would like you to “bracket” 
the needed premium. Therefore, you are to study two cases: 
a) The IRR and NPV for a case where the 2,5, FDCA is sold at equivalent TPA market prices 
(remember the MWs differ). 
b) A 15% IRR case where the pricing premium is included. The marketing organization wants 
to know the magnitude of the premium and the resulting project NPV. 
  
  
 
 
 
 
 
 
Section 25.2: 
Patents 
  































  
  
 
 
 
 
 
 
 
Section 25.3: 
Equipment Design Calculations 
  
Section 25.3.1: Calculations for Pressure Changers 
Equations are taken from Seider et al. Chapter 16.22 
Pump sample calculation shown for P-104 
Head =
Pressure Change
Fluid Density
=
𝛥𝑃
𝜌
=
(14.6959 − 1.45038)psi ∗
144in2
ft2
63.36 
lb
ft3
= 30.1ft 
Pump Efficiency = η𝑃 = −0.316 + 0.24015𝑙𝑛𝑄 − 0.01199(𝑙𝑛𝑄)
2 
= −0.316 + 0.24015𝑙𝑛(1531.48𝑔𝑝𝑚) − 0.01199(𝑙𝑛(1531.48𝑔𝑝𝑚))
2
 
= 0.800 
Pump Brake Horsepower = 𝑃𝐵 =
𝑄𝐻ρ
33000η𝑃
 
=
1531.48𝑔𝑝𝑚 ∗ 30.1ft ∗ 8.47
lb
gal
33000 ∗ 0.800
 
= 14.78 ℎ𝑝 
Motor Efficiency = 𝑛𝑚 = 0.80 + 0.0319𝑙𝑛𝑃𝐵 − 0.01182(𝑙𝑛𝑃𝐵)
2 
= 0.80 + 0.319𝑙𝑛(14.78) − 0.01182(𝑙𝑛(14.78))
2
 
= 1.573 
Power Consumption = 𝑃𝐶 =
𝑃𝐵
𝑛𝑚
=
14.78hp
1.573
∗
0.7457kW
hp
∗ 1hr 
= 7.01 𝑘𝑊ℎ 
These values were used to find other data for each pump. 
Compressor sample calculation shown for C-101 
Compressors follow the same calculations as above, with the additional calculation needed to 
calculate the compression ratio to determine the number of stages. 
Compression Ratio =
Outlet Pressure
Inlet Pressure
=
16.1655 psia
1.45 psia
= 11.15 
The compression ratio should be less than there, indicating that this MVR will need multiple 
stages with intercoolers to achieve the desired compression. 
Section 25.3.2: Calculations for Heat Exchangers 
Equations are taken from Seider et al. Chapter 12.22 
Heat Exchanger sample calculation shown for E-102. 
Heat transfer coefficients obtained from ASPEN, or from standard values in Table 12.5. 
ΔT1 = ΔThot, in − ΔTcold, out = 217 − 215 = 2°F 
ΔT2 = ΔThot, out − ΔTcold, in = 217 − 140 = 77°F 
Log Mean Temperature Difference = LMTD = ΔTlm =
ΔT1 − ΔT2
ln
ΔT1
ΔT2
=
2 − 77
ln
2
77
= 20.5°𝐹 
 
Assume a correction factor FT=1: 
Area =
𝑄
𝑈 ∗ ΔT𝑙𝑚 ∗ 𝐹𝑇
=
8,961,042 𝐵𝑇𝑈/ℎ𝑟
149.7
𝐵𝑇𝑈
°F ∗ ft2 ∗ ℎ𝑟
∗ 20.5°𝐹 ∗ 1
= 2920 ft2 
If process stream is being cooled by cooling or chilled water: 
Utility Mass Flow Rate = 𝑚 =
𝑄 BTU/hr
𝐶𝑝
BTU
lb ∗ °F ∗ ΔT°F
 
If process stream is being heated by steam: 
Utility Mass Flow Rate = 𝑚 =
𝑄 BTU/hr
ΔH𝑣𝑎𝑝
BTU
lb
 
  
Section 25.3.2: Calculations for Reactors 
Equations are taken from Seider et. al. Chapter 15 and Chapter 16.22  
Reactor sample calculation shown for R-201 (CSTR): 
Reactor Residence time =
liquid volume in reactor
volumetric flowrate of liquid in
 
2.5 ℎ𝑟 =  
liquid volume in reactor
88,990 gal/hr
 
𝑙𝑖𝑞𝑢𝑖𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑟𝑒𝑎𝑐𝑡𝑜𝑟 =  222,470 gal 
Reactor volume =  liquid volume in reactor ∙ (
1
0.85 
 for added gas) 
R − 201 volume =  
222,470 gal
0.85 
= 261,729 𝑔𝑎𝑙 ∗  1 𝑓𝑡3/7.481 𝑔𝑎𝑙 = 35,000 ft3 
Turbine Hp for CSTR agitator =  
3 Hp
1000 gallons of liquid 
 for reactions with heat transfer 
Turbine Hp for CSTR agitator =  
3 Hp
1000 gallons of liquid 
∙ 222,470 gallons  
Turbine Hp for R − 201 agitator =  667 hp 
Reactor sample calculation for R-101 (PFR): 
Mass flow rate of reactor feed = 93700 lb/hr 
Density of reactor feed = 86.2
lb
ft
3 
Volumetric flow rate of reactor feed =
Mass flow rate of reactor feed
Density of reactor feed
 
=
93700 lb/hr
86.2
lb
ft
3
= 1,090 ft3/hr 
Reactor residence time = 4 hr =
1,090ft3/hr
volume of reactor
 
Volume of reactors = 272 ft3 
Assume the operation of three reactors in parallel. 
Volume of each reactor =
272 ft3
3
= 90.7 ft3 
Assume 10% safety factor. 
Volume of each reactor = 90.7 ft3 ⋅ 1.1 = 99.7 ft3 
Assume reactor diameter of 1 meter. 
Volume of each reactor = 𝜋𝑟2𝑙 = 𝜋 ∗ (1.64ft)2𝑙 
𝑙 ≈ 12.0 ft 
Cross-sectional area = 𝜋𝑟2 
= 𝜋(1.64ft)2 = 8.45 ft2 
  
Section 25.3.3: Calculation for Flash Drum 
Flash Drum sample calculation shown for F-102 
Assume a residence time of 10 minutes. 
Volume of Liquid Held = Volumetric Flow Rate ∗ Molar Liquid Fraction ∗ residence time 
= 12283.8 ft3/ℎ𝑟 ∗ 1 ∗
10 min
60 min/hr
 
= 2047.3 ft3 
Assume a liquid level of 50% in the tank to allow for adequate vapor disengagement. Assume an 
L/D ratio of 2. 
Volume of Tank = 2 ⋅ Volume of Liquid Held 
Volume of Tank = 2 ⋅ 2047.3 ft3 
Volume of Tank = 4094.6 ft3 
4094.6 ft3 =
πD2
4
L 
4094.6 ft3 =
πD2
4
2D 
4094.6 ft3 =
πD3
2
 
D = 13.76 ft →  14 ft 
L = 28 ft 
  
Section 25.3.4: Calculation for Filter 
Calculations shown for F-101 
Assume that 6000 lb/day-ft2 can be processed by a filter: 
Filter Area =
301569lb/day
6000
lb
day − ft2
= 50.25 ft2 
  
Section 25.3.5: Calculation for Storage Tanks 
Storage Tank Sample Calculation for T-203 
Assume a time capacity of 30 days and a safety factor of 1.5 
Volume of tank = volumetric flow rate ⋅ time capacity ⋅ safety factor 
Volume of tank = 46.1
ft3
hr
⋅ 720 hr ⋅ 1.5 = 49,794 ft3 = 372,485 gal 
Assume an L/D ratio of 3. 
Diameter = (
4𝑉
𝜋
𝐿
𝐷
)
1
3
= 27.6 ft 
Height = 3𝑑 = 3 ⋅ 27.6 ft = 82.8ft 
Surface area = (2𝜋𝑟2) + (2𝜋𝑟𝐿) 
= (2𝜋 ⋅ 13.82) + (2𝜋 ⋅ 13.8 ⋅ 82.8) = 8,376ft2  
  
 
 
 
 
 
 
 
Section 25.4: 
Material Safety Data Sheets 
  















































































   
  
 
 
 
 
 
 
Section 25.5: 
ASPEN Reports 
Section 25.5.1: Section 100 
  
; 
;Input Summary created by Aspen Plus Rel. 36.0 at 13:36:37 Sun Apr 21, 2019 
;Directory S:\CBE 459  Filename C:\Users\kaiwenw\AppData\Local\Temp\~ap18dd.txt 
; 
 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
 
DEF-STREAMS CONVEN ALL  
 
SIM-OPTIONS MASS-BAL-CHE=YES UTL-REQD=NO ADSCNVG=NO  
 
MODEL-OPTION  
 
DATABANKS 'APV100 PURE36' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' & 
         / 'APV100 INORGANIC' / 'APESV100 AP-EOS' /  & 
        'NISTV100 NIST-TRC' / NOASPENPCD 
 
PROP-SOURCES 'APV100 PURE36' / 'APV100 AQUEOUS' /  & 
        'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' & 
         / 'NISTV100 NIST-TRC' 
 
COMPONENTS  
    H2O H2O /  
    FRUCTOSE C6H12O6-N1 /  
    GLUCOSE C6H12O6 /  
    HMF C6H6O3-N5 /  
    HUMINS C50H102 /  
    FORMIC-0 CH2O2 /  
    LEVUL-01 C5H8O3-D1 /  
    HCL HCL /  
    EMIMCL C6H11CLN2-N1 /  
    O2 O2 /  
    N2 N2  
 
HENRY-COMPS HC-1 N2 O2  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
FLOWSHEET  
    BLOCK R-102 IN=RXN-IN OUT=RXN-OUT  
    BLOCK M-104 IN=S-130 S-132 S-105 OUT=RXN-IN  
    BLOCK R-102A IN=RXN-OUT OUT=S-108 S-109  
    BLOCK M-103 IN=S-118 OUT=S-119 S-120  
    BLOCK S-101 IN=AIRLEAK S-112 S-111 OUT=S-114 S-117  
    BLOCK P-104 IN=S-117 OUT=S-118  
    BLOCK M-105 IN=AIR2 S-116A OUT=S-116  
    BLOCK P-105 IN=S-113 S-115 OUT=S-136  
    BLOCK C-101 IN=S-116 OUT=S-133  
    BLOCK R-101 IN=S-103 OUT=S-104  
    BLOCK E-107 IN=S-108 OUT=S-108A  
    BLOCK E-107A IN=S-108A OUT=S-112 S-113  
    BLOCK F-101 IN=S-123 OUT=S-124 S-125  
    BLOCK M-102 IN=S-124 OUT=S-127 S-126  
    BLOCK M-101 IN=S-119 S-129 OUT=S-130  
    BLOCK E-106 IN=S-122 OUT=S-123  
    BLOCK E-108 IN=S-133 S-110 OUT=S-134 S-111  
    BLOCK P-106 IN=S-136 OUT=S-137  
    BLOCK E-110 IN=S-134 S-137 OUT=S-139 S-138  
    BLOCK E-111 IN=S-139 S-107 OUT=S-140 S-131  
    BLOCK E-101 IN=S-140 S-102 OUT=S-141 S-103  
    BLOCK E-112 IN=S-143 OUT=S-144  
    BLOCK E-102 IN=S-141 S-104 OUT=S-142 S-105  
    BLOCK E-109 IN=S-114 OUT=S-114A  
    BLOCK E-109A IN=S-114A OUT=S-116A S-115  
    BLOCK E-103 IN=S-142 S-127 OUT=S-143 S-129  
    BLOCK E-105 IN=S-120 S-109 OUT=S-121 S-110  
    BLOCK E-104 IN=S-121 S-131 OUT=S-122 S-132  
    BLOCK M-106 IN=S-125 S-126 OUT=S-128  
 
PROPERTIES NRTL  
    PROPERTIES NRTL-HOC  
 
STRUCTURES  
    STRUCTURES EMIMCL C3 N1 D / C4 N1 S / C3 N2 S / C5  & 
        N2 S / C6 C3 S / C5 C4 D / C7 C4 S / C8 C5  & 
        S  
    UNIFAC EMIMCL 1800 1  
    UNIF-LBY EMIMCL 1800 1  
    UNIF-DMD EMIMCL 1800 1  
    REICHENB EMIMCL 125 1  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL EMIMCL 6 1 17 7 / 6. 11. 1. 2.  
 
STRUCTURES  
    STRUCTURES FORMIC-0 C1 O2 S / C1 O3 D  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL FORMIC-0 6 1 8 / 1. 2. 2.  
 
STRUCTURES  
    STRUCTURES FRUCTOSE C7 O1 S / C8 O2 S / C9 O3 S /  & 
        O4 C10 S / O5 C11 D / O6 C12 S / C7 C8 S / C7  & 
        C9 S / C8 C10 S / C9 C11 S / C11 C12 S  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL FRUCTOSE 6 1 8 / 6. 12. 6.  
 
STRUCTURES  
    STRUCTURES GLUCOSE O1 C2 D / C2 C3 S / C3 O4 S / C3  & 
        C5 S / C5 O6 S / C5 C7 S / C7 O8 S / C7 C9  & 
        S / C9 O10 S / C9 C11 S / C11 O12 S  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL GLUCOSE 6 1 8 / 6. 12. 6.  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL H2O 1 8 / 2. 1.  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL HCL 1 17 / 1. 1.  
 
STRUCTURES  
    STRUCTURES HMF C1 O2 S / C1 C3 D / C1 C4 S / O2 C5  & 
        S / C3 C6 S / C4 O7 S / C5 C8 S / C5 C6 D /  & 
        C8 O9 D  
    UNIFAC HMF 1450 1 / 1600 1  
    UNIF-LBY HMF 1450 1 / 1600 1  
    UNIF-DMD HMF 1450 1 / 1620 1  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL HMF 6 1 8 / 6. 6. 3.  
 
STRUCTURES  
    STRUCTURES HUMINS C1 C2 S / C1 C3 S / C3 C4 S / C4  & 
        C5 S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9  & 
        S / C9 C10 S / C10 C11 S / C11 C12 S / C12 C13  & 
        S / C13 C14 S / C14 C15 S / C15 C16 S / C16  & 
        C17 S / C17 C18 S / C18 C19 S / C19 C20 S /  & 
        C20 C21 S / C21 C22 S / C22 C23 S / C23 C24 S /  & 
        C24 C25 S / C25 C26 S / C26 C27 S / C27 C28 S /  & 
        C28 C29 S / C29 C30 S / C30 C31 S / C31 C32 S /  & 
        C32 C33 S / C33 C34 S / C34 C35 S / C35 C36 S /  & 
        C36 C37 S / C37 C38 S / C38 C39 S / C39 C40 S /  & 
        C40 C41 S / C41 C42 S / C42 C43 S / C43 C44 S /  & 
        C44 C45 S / C45 C46 S / C46 C47 S / C47 C48 S /  & 
        C48 C49 S / C49 C50 S  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL HUMINS 6 1 / 50. 102.  
 
STRUCTURES  
    STRUCTURES LEVUL-01 C2 C1 S / C3 C2 S / O4 C2 D /  & 
        C1 C6 S / C6 C7 S / C7 O8 S / C7 O5 D  
 
PROP-DATA 
    PROP-LIST ATOMNO / NOATOM 
    PVAL LEVUL-01 6 1 8 / 5. 8. 3.  
 
PROP-DATA PCES-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST VC / ZC / DHVLB / VB / RKTZRA / VLSTD /  & 
        RGYR  
    PVAL HUMINS 4198.854880 / .1590120670 / 22249.16894 /  & 
        549.7111360 / .0690602290 / 161.3968480 / 1.17298474E-9  
    PROP-LIST VC / ZC / DHVLB / VB / RKTZRA / VLSTD / TB / & 
        TC / PC / DHFORM / DGFORM / OMEGA / RGYR  
    PVAL EMIMCL 371.5000000 / .2738364350 / 10917.08035 /  & 
        123.9312860 / .2497481610 / 102.9361040 / 198.9900000 /  & 
        425.7155280 / 42.83051450 / 15620.52164 / 57248.97296 /  & 
        .4427656770 / 3.7286349E-10  
    PROP-LIST DHVLB / VB / RGYR  
    PVAL FRUCTOSE 23151.88211 / 175.9370000 / 4.3350000E-10  
    PVAL GLUCOSE 26171.53912 / 204.6310000 / 4.7540000E-10  
    PVAL FORMIC-0 5269.513710 / 41.28220000 / 1.8470000E-10  
    PVAL LEVUL-01 13948.83921 / 123.1960000 / 3.6750000E-10  
    PROP-LIST DHVLB / VB / VLSTD / RGYR  
    PVAL HMF 14703.95051 / 125.0590000 / 98.98260000 /  & 
        3.9660000E-10  
 
PROP-DATA CPIG-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST CPIG  
    PVAL HUMINS 248.2053423 .8613363281 -5.5023332E-4  & 
        1.16124943E-7 0.0 0.0 6.850000000 826.8500000  & 
        8.605426579 .0523924808 1.500000000  
    PVAL EMIMCL 30.51573296 .0848833594 -4.3590994E-5  & 
        7.28479985E-9 0.0 0.0 6.850000000 826.8500000  & 
        8.605426579 4.80006251E-3 1.500000000  
 
PROP-DATA DHVLWT-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST DHVLWT  
    PVAL HUMINS 22249.16894 665.7540000 .3800000000 0.0  & 
        665.7540000  
    PVAL EMIMCL 10917.08035 198.9900000 .4309135290  & 
        -.2488015180 198.9900000  
 
PROP-DATA KLDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST KLDIP  
    PVAL HUMINS -22.55244485 .1486719209 -3.6652874E-4  & 
        4.01577143E-7 -1.651802E-10 587.1340000 660.5190000  
    PVAL EMIMCL .0130663074 1.29987857E-3 -8.0222828E-6  & 
        1.92942848E-8 -1.764535E-11 198.9900000 418.7268730  
 
PROP-DATA MULAND-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST MULAND  
    PVAL EMIMCL 118.1875973 -7229.538660 -16.88569110  & 
        198.9900000 418.7268730  
 
PROP-DATA MUVDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST MUVDIP  
    PVAL EMIMCL 1.64900370E-4 .9557559050 0.0 0.0 0.0  & 
        6.850000000 826.8500000  
 
PROP-DATA PLXANT-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST PLXANT  
    PVAL EMIMCL -20  
    PVAL HMF 84.87694144 -12873.12750 0.0 0.0 -9.767603610  & 
        1.7831755E-18 6.000000000 281.8500000 521.7500000  
    PVAL GLUCOSE -20  
 
PROP-DATA SIGDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST SIGDIP  
    PVAL HUMINS 41.40028380 1.222220610 5.09786583E-6  & 
        -5.4013710E-6 1.91474965E-6 665.7540000 706.2228000  
    PVAL EMIMCL 83.25106750 1.222222220 1.49444734E-9  & 
        -1.6711978E-9 6.6873789E-10 198.9900000 411.7382180  
 
PROP-DATA HOCETA-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HOCETA  
    BPVAL H2O H2O 1.700000000  
    BPVAL H2O FORMIC-0 2.500000000  
    BPVAL H2O HCL 1.380000000  
    BPVAL FORMIC-0 H2O 2.500000000  
    BPVAL FORMIC-0 FORMIC-0 4.500000000  
    BPVAL FORMIC-0 HCL 1.000000000  
    BPVAL HCL H2O 1.380000000  
    BPVAL HCL FORMIC-0 1.000000000  
 
PROP-DATA HENRY-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HENRY  
    BPVAL N2 H2O 164.9940745 -8432.770000 -21.55800000  & 
        -8.4362400E-3 -.1500000000 72.85000000 0.0  
    BPVAL O2 H2O 144.4080745 -7775.060000 -18.39740000  & 
        -9.4435400E-3 .8500000000 74.85000000 0.0  
    BPVAL O2 FORMIC-0 9.003075535 0.0 0.0 0.0 20.00000000  & 
        20.00000000 0.0  
 
PROP-DATA NRTL-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST NRTL  
    BPVAL H2O FORMIC-0 -2.586400000 725.0173000 .3000000000 0.0  & 
        0.0 0.0 30.00000000 108.0000000  
    BPVAL FORMIC-0 H2O 4.515600000 -1432.083500 .3000000000 0.0  & 
        0.0 0.0 30.00000000 108.0000000  
    BPVAL H2O FRUCTOSE 0.0 -795.3497450 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FRUCTOSE H2O 0.0 1544.267320 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL H2O GLUCOSE 0.0 -354.6687580 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE H2O 0.0 190.6767430 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL H2O LEVUL-01 0.0 1030.125980 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 H2O 0.0 -261.3184890 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL H2O HCL 0.0 62.25380900 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HCL H2O 0.0 -3.395798980 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL FRUCTOSE GLUCOSE 0.0 39.09193290 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE FRUCTOSE 0.0 -21.25053250 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL FRUCTOSE FORMIC-0 0.0 2626.140830 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 FRUCTOSE 0.0 -1041.189610 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL FRUCTOSE LEVUL-01 0.0 -123.5416960 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 FRUCTOSE 0.0 471.2971320 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL FRUCTOSE HCL 0.0 12533.36130 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HCL FRUCTOSE 0.0 -1906.194620 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE FORMIC-0 0.0 1960.011630 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 GLUCOSE 0.0 -900.3484320 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE LEVUL-01 0.0 -24.70553520 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 GLUCOSE 0.0 418.0350290 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE HCL 0.0 9772.499810 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HCL GLUCOSE 0.0 -1751.145910 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 LEVUL-01 0.0 569.5986430 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 FORMIC-0 0.0 -337.8288170 .3000000000 0.0  & 
        0.0 0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 HCL 0.0 18.14740760 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HCL FORMIC-0 0.0 -10.27083960 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 HCL 0.0 -435.1260580 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HCL LEVUL-01 0.0 158.9099820 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL H2O HUMINS 0.0 16707.88230 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HUMINS H2O 0.0 1664.541310 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL FRUCTOSE HUMINS 0.0 9332.580310 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HUMINS FRUCTOSE 0.0 6646.035730 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE HUMINS 0.0 8885.953230 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HUMINS GLUCOSE 0.0 6172.491310 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HUMINS FORMIC-0 0.0 722.2874280 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 HUMINS 0.0 11289.09070 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HUMINS LEVUL-01 0.0 1109.458230 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 HUMINS 0.0 4554.662450 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HUMINS HCL 0.0 30000.00000 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HCL HUMINS 0.0 -4801.236600 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL H2O HMF 0.0 -49.45309250 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HMF H2O 0.0 724.8700120 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL FRUCTOSE HMF 0.0 -645.2793380 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HMF FRUCTOSE 0.0 1475.160830 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE HMF 0.0 -593.2741950 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HMF GLUCOSE 0.0 1636.824570 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HMF HUMINS 0.0 12948.55070 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HUMINS HMF 0.0 126.0325110 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HMF FORMIC-0 0.0 814.9315440 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 HMF 0.0 -307.9397900 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HMF LEVUL-01 0.0 1087.328710 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 HMF 0.0 -412.4509450 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HMF HCL 0.0 95.36446520 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HCL HMF 0.0 -49.36347980 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL H2O EMIMCL 0.0 -422.2571310 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL EMIMCL H2O 0.0 801.5172830 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL FRUCTOSE EMIMCL 0.0 5545.424540 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL EMIMCL FRUCTOSE 0.0 -1420.737000 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL GLUCOSE EMIMCL 0.0 6648.024240 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL EMIMCL GLUCOSE 0.0 -1521.724950 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HMF EMIMCL 0.0 -23.57062310 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL EMIMCL HMF 0.0 123.0303180 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL HUMINS EMIMCL 0.0 -801.9596670 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL EMIMCL HUMINS 0.0 375.1048770 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL FORMIC-0 EMIMCL 0.0 -166.9359500 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL EMIMCL FORMIC-0 0.0 366.1284310 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL LEVUL-01 EMIMCL 0.0 -586.2511390 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL EMIMCL LEVUL-01 0.0 930.5676220 .3000000000 0.0 0.0  & 
        0.0 25.00000000 25.00000000  
    BPVAL HCL EMIMCL 0.0 7.882453170 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
    BPVAL EMIMCL HCL 0.0 290.8080570 .3000000000 0.0 0.0 0.0  & 
        25.00000000 25.00000000  
 
STREAM AIR2  
    SUBSTREAM MIXED TEMP=25.00000000 PRES=1. <atm>  & 
        MASS-FLOW=10. <lb/hr>  
    MOLE-FRAC O2 0.21 / N2 0.79  
 
STREAM AIRLEAK  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=10. <lb/hr>  
    MOLE-FRAC O2 0.21 / N2 0.79  
 
STREAM S-102  
    SUBSTREAM MIXED TEMP=25.00000000 PRES=1.1 <atm>  & 
        MASS-FLOW=80000.00000  
    MASS-FRAC H2O 0.23 / FRUCTOSE 0.3465 / GLUCOSE 0.4235  
 
STREAM S-107  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm>  
    MASS-FLOW HCL 0.515 / EMIMCL 121680.  
 
STREAM S-131  
    SUBSTREAM MIXED TEMP=25.00000000 PRES=1.000000000  
    MASS-FLOW HCL .5150000000 / EMIMCL 1.21680000E+5  
 
BLOCK M-101 MIXER  
    PARAM  
 
BLOCK M-104 MIXER  
    PARAM  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK M-105 MIXER  
    PARAM  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK M-106 MIXER  
    PARAM  
 
BLOCK M-102 FSPLIT  
    FRAC S-126 0.7  
 
BLOCK M-103 FSPLIT  
    FRAC S-120 0.15  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK F-101 SEP2  
    FRAC STREAM=S-125 SUBSTREAM=MIXED COMPS=H2O FRUCTOSE  & 
        GLUCOSE HMF HUMINS FORMIC-0 LEVUL-01 HCL EMIMCL O2 N2  & 
        FRACS=0.04453407 0.04453407 0.04453407 0.04453407 0.9  & 
        0.04453407 0.04453407 0.04453407 0.04453407 0.04453407  & 
        0.04453407  
 
BLOCK E-106 HEATER  
    PARAM TEMP=50. PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-107 HEATER  
    PARAM PRES=0. VFRAC=0.98 DPPARMOPT=NO  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK E-109 HEATER  
    PARAM TEMP=53. PRES=0. DPPARMOPT=NO  
 
BLOCK E-112 HEATER  
    PARAM TEMP=40. PRES=1.1 <atm> DPPARMOPT=NO  
 
BLOCK E-107A FLASH2  
    PARAM PRES=1.1 <atm> DUTY=0.  
 
BLOCK E-109A FLASH2  
    PARAM PRES=0. DUTY=0.  
 
BLOCK R-102A FLASH2  
    PARAM PRES=1.1 <atm> DUTY=0.  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK S-101 FLASH2  
    PARAM TEMP=200. PRES=0.1  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK E-101 HEATX  
    PARAM T-COLD=69. CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-140 COLD=S-102  
    OUTLETS-HOT S-141  
    OUTLETS-COLD S-103  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-102 HEATX  
    PARAM T-COLD=101.6 CALC-TYPE=DESIGN TYPE=COUNTERCURRE  & 
        U-OPTION=PHASE F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-141 COLD=S-104  
    OUTLETS-HOT S-142  
    OUTLETS-COLD S-105  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-103 HEATX  
    PARAM T-COLD=101.6 CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-142 COLD=S-127  
    OUTLETS-HOT S-143  
    OUTLETS-COLD S-129  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-104 HEATX  
    PARAM T-COLD=130. CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-121 COLD=S-131  
    OUTLETS-HOT S-122  
    OUTLETS-COLD S-132  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-105 HEATX  
    PARAM T-HOT=131. CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-120 COLD=S-109  
    OUTLETS-HOT S-121  
    OUTLETS-COLD S-110  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-108 HEATX  
    PARAM INCR-COLD=7.5 CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-133 COLD=S-110  
    OUTLETS-HOT S-134  
    OUTLETS-COLD S-111  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-110 HEATX  
    PARAM T-COLD=180. CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-134 COLD=S-137  
    OUTLETS-HOT S-139  
    OUTLETS-COLD S-138  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK E-111 HEATX  
    PARAM T-COLD=101.6 CALC-TYPE=DESIGN U-OPTION=PHASE  & 
        F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S-139 COLD=S-107  
    OUTLETS-HOT S-140  
    OUTLETS-COLD S-131  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
 
BLOCK R-102 RSTOIC  
    PARAM TEMP=130.0000000 PRES=1.1 <atm> SERIES=YES  & 
        HEAT-OF-REAC=YES  
    STOIC 1 MIXED FRUCTOSE -1. / HMF 1. / H2O 3.  
    STOIC 2 MIXED HMF -1. / H2O -2. / FORMIC-0 1. /  & 
        LEVUL-01 1.  
    STOIC 3 MIXED HMF -5.5774 / HUMINS 1.  
    CONV 1 MIXED FRUCTOSE 0.8  
    CONV 2 MIXED HMF 0.015  
    CONV 3 MIXED HMF 0.054  
    HEAT-RXN REACNO=1 CID=FRUCTOSE H-REAC=-31.19 <kJ/mol>  & 
        PHASE=L / REACNO=2 CID=H2O H-REAC=-48.93 <kJ/mol>  & 
        PHASE=L / REACNO=3 CID=HMF H-REAC=79.6915 <kJ/mol>  & 
        PHASE=L  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK R-101 RPLUG  
    PARAM TYPE=T-SPEC NTUBE=85 LENGTH=18.45 DIAM=1. NPHASE=1  & 
        PHASE=L PRES=1. <atm> CATWT=800. CAT-PRESENT=YES  & 
        BED-VOIDAGE=0.2 OPT-PDROP=CORRELATION DP-FCOR=BEGGS-BRILL  
    T-SPEC 0.0 60.  
    BLOCK-OPTION FREE-WATER=NO  
    REACTIONS RXN-IDS=R-1  
 
BLOCK P-104 PUMP  
    PARAM PRES=1. <atm> EFF=0.75  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK P-105 PUMP  
    PARAM PRES=2. EFF=0.75  
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK P-106 PUMP  
    PARAM PRES=22.  
 
BLOCK C-101 COMPR  
    PARAM TYPE=ISENTROPIC PRES=1.1 <atm> SEFF=0.6 MEFF=0.95  & 
        NPHASE=2 SB-MAXIT=30 SB-TOL=0.0001   
    PROPERTIES NRTL HENRY-COMPS=HC-1 FREE-WATER=STEAM-TA  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
    BLOCK-OPTION FREE-WATER=NO  
 
DESIGN-SPEC DS-1  
    DEFINE SOLVENT MASS-FLOW STREAM=RXN-IN SUBSTREAM=MIXED  & 
        COMPONENT=EMIMCL UOM="kg/hr"  
    SPEC "SOLVENT" TO "175000"  
    TOL-SPEC "1"  
    VARY MASS-FLOW STREAM=S-107 SUBSTREAM=MIXED COMPONENT=EMIMCL  & 
        UOM="kg/hr"  
    LIMITS "0" "130000"  
 
DESIGN-SPEC DS-2  
    DEFINE PDT MASS-FLOW STREAM=S-136 SUBSTREAM=MIXED  & 
        COMPONENT=HMF UOM="kg/hr"  
    SPEC "PDT" TO "24000"  
    TOL-SPEC "5"  
    VARY STREAM-VAR STREAM=S-102 SUBSTREAM=MIXED  & 
        VARIABLE=MASS-FLOW UOM="kg/hr"  
    LIMITS "60000" "120000"  
 
DESIGN-SPEC DS-3  
    DEFINE HCL MOLE-FLOW STREAM=RXN-IN SUBSTREAM=MIXED  & 
        COMPONENT=HCL UOM="kmol/hr"  
    SPEC "HCL" TO "0.762"  
    TOL-SPEC "0.001"  
    VARY MOLE-FLOW STREAM=S-107 SUBSTREAM=MIXED COMPONENT=HCL  & 
        UOM="kmol/hr"  
    LIMITS "0" "1"  
 
DESIGN-SPEC DS-4  
    DEFINE PURGE MASS-FRAC STREAM=S-119 SUBSTREAM=MIXED  & 
        COMPONENT=HUMINS  
    SPEC "PURGE" TO "0.05"  
    TOL-SPEC "0.005"  
    VARY BLOCK-VAR BLOCK=M-103 SENTENCE=FRAC VARIABLE=FRAC  & 
        ID1=S-120  
    LIMITS "0" "0.2"  
 
EO-CONV-OPTI  
 
STREAM-REPOR MOLEFLOW  
 
PROPERTY-REP PCES NOPARAM-PLUS  
 
REACTIONS R-1 POWERLAW  
    REAC-DATA 1  
    REAC-DATA 2  
    RATE-CON 1 PRE-EXP=1.631E-005 ACT-ENERGY=10733. T-REF=25.  
    RATE-CON 2 PRE-EXP=1.958E-005 ACT-ENERGY=2224. T-REF=25.  
    STOIC 1 MIXED GLUCOSE -1. / FRUCTOSE 1.  
    STOIC 2 MIXED FRUCTOSE -1. / GLUCOSE 1.  
    POWLAW-EXP 1 MIXED GLUCOSE 1.  
    POWLAW-EXP 2 MIXED FRUCTOSE 1.  
; 
; 
; 
; 
; 
  
 
 BLOCK:  C-101    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-116    
   OUTLET STREAM:         S-133    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1450.89         1450.89         0.00000     
       MASS(KG/HR   )            26376.4         26376.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.232283E+08   -0.218053E+08   -0.612595E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  BAR                                     1.11458     
    ISENTROPIC EFFICIENCY                                    0.60000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                5,957.62        
    BRAKE      HORSEPOWER REQUIREMENT  KW                6,271.18        
    NET WORK REQUIRED                  KW                6,271.18        
    POWER LOSSES                       KW                  313.559       
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                3,574.57        
    CALCULATED OUTLET TEMP  C                              465.464       
    ISENTROPIC TEMPERATURE  C                              306.750       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.60000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                      49,749.7         
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.32646     
    INLET VOLUMETRIC FLOW RATE , L/MIN               6,557,280.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN               1,332,350.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.31353     
    AV. ISENT. TEMP EXPONENT                                 1.31353     
    AV. ACTUAL VOL. EXPONENT                                 1.51293     
    AV. ACTUAL TEMP EXPONENT                                 1.51293     
 
 BLOCK:  E-101    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-140    
   OUTLET STREAM:            S-141    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-102    
   OUTLET STREAM:            S-103    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2853.03         2853.03         0.00000     
       MASS(KG/HR   )            108657.         108657.        0.133925E-15 
       ENTHALPY(CAL/SEC )      -0.729006E+08   -0.729006E+08   -0.408808E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                       69.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-140     ----->|                HOT                 |-----> S-141    
   T=  1.0283D+02  |                                    |       T=  1.0275D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  8.9894D-01  |                                    |       V=  7.2599D-01 
                   |                                    | 
   S-103     <-----|                COLD                |<----- S-102    
   T=  6.9000D+01  |                                    |       T=  2.5000D+01 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             674450.7049 
     CALCULATED (REQUIRED) AREA     SQM                     62.9466 
     ACTUAL EXCHANGER AREA          SQM                     62.9466 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K            12779.3527 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       52.7766 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           COND                            | HOT OUT  
 ------> |                                                           |------> 
  102.8  |                                                           |  102.7 
         |                                                           | 
 COLDOUT |                           LIQ                             | COLDIN   
 <------ |                                                           |<------ 
   69.0  |                                                           |   25.0 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     674450.705        62.9466      52.7766     0.0203       12779.3527 
 
 HEATX COLD-TQCU E-101    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !    69.0000 !     0.0    ! 
 !  3.2117+04 !     1.1146 !    66.9547 !     0.0    ! 
 !  6.4233+04 !     1.1146 !    64.9044 !     0.0    ! 
 !  9.6350+04 !     1.1146 !    62.8490 !     0.0    ! 
 !  1.2847+05 !     1.1146 !    60.7885 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.6058+05 !     1.1146 !    58.7230 !     0.0    ! 
 !  1.9270+05 !     1.1146 !    56.6524 !     0.0    ! 
 !  2.2482+05 !     1.1146 !    54.5768 !     0.0    ! 
 !  2.5693+05 !     1.1146 !    52.4961 !     0.0    ! 
 !  2.8905+05 !     1.1146 !    50.4105 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  3.2117+05 !     1.1146 !    48.3199 !     0.0    ! 
 !  3.5328+05 !     1.1146 !    46.2243 !     0.0    ! 
 !  3.8540+05 !     1.1146 !    44.1238 !     0.0    ! 
 !  4.1752+05 !     1.1146 !    42.0183 !     0.0    ! 
 !  4.4963+05 !     1.1146 !    39.9080 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.8175+05 !     1.1146 !    37.7927 !     0.0    ! 
 !  5.1387+05 !     1.1146 !    35.6726 !     0.0    ! 
 !  5.4598+05 !     1.1146 !    33.5477 !     0.0    ! 
 !  5.7810+05 !     1.1146 !    31.4179 !     0.0    ! 
 !  6.1022+05 !     1.1146 !    29.2833 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  6.4233+05 !     1.1146 !    27.1440 !     0.0    ! 
 !  6.7445+05 !     1.1146 !    25.0000 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-101    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   102.8284 !     0.8989 ! 
 !  3.2117+04 !     1.1146 !   102.8192 !     0.8907 ! 
 !  6.4233+04 !     1.1146 !   102.8113 !     0.8825 ! 
 !  9.6350+04 !     1.1146 !   102.8043 !     0.8742 ! 
 !  1.2847+05 !     1.1146 !   102.7982 !     0.8660 ! 
 !------------+------------+------------+------------! 
 !  1.6058+05 !     1.1146 !   102.7927 !     0.8578 ! 
 !  1.9270+05 !     1.1146 !   102.7878 !     0.8495 ! 
 !  2.2482+05 !     1.1146 !   102.7833 !     0.8413 ! 
 !  2.5693+05 !     1.1146 !   102.7793 !     0.8331 ! 
 !  2.8905+05 !     1.1146 !   102.7756 !     0.8248 ! 
 !------------+------------+------------+------------! 
 !  3.2117+05 !     1.1146 !   102.7722 !     0.8166 ! 
 !  3.5328+05 !     1.1146 !   102.7691 !     0.8084 ! 
 !  3.8540+05 !     1.1146 !   102.7661 !     0.8001 ! 
 !  4.1752+05 !     1.1146 !   102.7634 !     0.7919 ! 
 !  4.4963+05 !     1.1146 !   102.7609 !     0.7837 ! 
 !------------+------------+------------+------------! 
 !  4.8175+05 !     1.1146 !   102.7585 !     0.7754 ! 
 !  5.1387+05 !     1.1146 !   102.7563 !     0.7672 ! 
 !  5.4598+05 !     1.1146 !   102.7542 !     0.7589 ! 
 !  5.7810+05 !     1.1146 !   102.7522 !     0.7507 ! 
 !  6.1022+05 !     1.1146 !   102.7504 !     0.7425 ! 
 !------------+------------+------------+------------! 
 !  6.4233+05 !     1.1146 !   102.7486 !     0.7342 ! 
 !  6.7445+05 !     1.1146 !   102.7469 !     0.7260 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-102    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-141    
   OUTLET STREAM:            S-142    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-104    
   OUTLET STREAM:            S-105    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2853.03         2853.03         0.00000     
       MASS(KG/HR   )            108657.         108657.         0.00000     
       ENTHALPY(CAL/SEC )      -0.728932E+08   -0.728932E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                      101.6000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-141     ----->|                HOT                 |-----> S-142    
   T=  1.0275D+02  |                                    |       T=  1.0272D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  7.2599D-01  |                                    |       V=  5.6641D-01 
                   |                                    | 
   S-105     <-----|                COLD                |<----- S-104    
   T=  1.0160D+02  |                                    |       T=  6.0000D+01 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             622219.7127 
     CALCULATED (REQUIRED) AREA     SQM                    266.6855 
     ACTUAL EXCHANGER AREA          SQM                    266.6855 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K            54142.2260 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       11.4923 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           COND                            | HOT OUT  
 ------> |                                                           |------> 
  102.7  |                                                           |  102.7 
         |                                                           | 
 COLDOUT |                           LIQ                             | COLDIN   
 <------ |                                                           |<------ 
  101.6  |                                                           |   60.0 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     622219.713       266.6855      11.4923     0.0203       54142.2260 
 
 HEATX COLD-TQCU E-102    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0132 !   101.6000 !     0.0    ! 
 !  2.9630+04 !     1.0132 !    99.6704 !     0.0    ! 
 !  5.9259+04 !     1.0132 !    97.7356 !     0.0    ! 
 !  8.8889+04 !     1.0132 !    95.7957 !     0.0    ! 
 !  1.1852+05 !     1.0132 !    93.8507 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.4815+05 !     1.0132 !    91.9005 !     0.0    ! 
 !  1.7778+05 !     1.0132 !    89.9452 !     0.0    ! 
 !  2.0741+05 !     1.0132 !    87.9847 !     0.0    ! 
 !  2.3704+05 !     1.0132 !    86.0191 !     0.0    ! 
 !  2.6667+05 !     1.0132 !    84.0483 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  2.9630+05 !     1.0132 !    82.0724 !     0.0    ! 
 !  3.2592+05 !     1.0132 !    80.0914 !     0.0    ! 
 !  3.5555+05 !     1.0132 !    78.1053 !     0.0    ! 
 !  3.8518+05 !     1.0132 !    76.1140 !     0.0    ! 
 !  4.1481+05 !     1.0132 !    74.1176 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.4444+05 !     1.0132 !    72.1161 !     0.0    ! 
 !  4.7407+05 !     1.0132 !    70.1095 !     0.0    ! 
 !  5.0370+05 !     1.0132 !    68.0978 !     0.0    ! 
 !  5.3333+05 !     1.0132 !    66.0809 !     0.0    ! 
 !  5.6296+05 !     1.0132 !    64.0590 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  5.9259+05 !     1.0132 !    62.0321 !     0.0    ! 
 !  6.2222+05 !     1.0132 !    60.0000 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-102    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   102.7469 !     0.7260 ! 
 !  2.9630+04 !     1.1146 !   102.7453 !     0.7184 ! 
 !  5.9259+04 !     1.1146 !   102.7439 !     0.7108 ! 
 !  8.8889+04 !     1.1146 !   102.7425 !     0.7032 ! 
 !  1.1852+05 !     1.1146 !   102.7412 !     0.6956 ! 
 !------------+------------+------------+------------! 
 !  1.4815+05 !     1.1146 !   102.7398 !     0.6880 ! 
 !  1.7778+05 !     1.1146 !   102.7386 !     0.6804 ! 
 !  2.0741+05 !     1.1146 !   102.7374 !     0.6728 ! 
 !  2.3704+05 !     1.1146 !   102.7362 !     0.6652 ! 
 !  2.6667+05 !     1.1146 !   102.7350 !     0.6576 ! 
 !------------+------------+------------+------------! 
 !  2.9630+05 !     1.1146 !   102.7339 !     0.6500 ! 
 !  3.2592+05 !     1.1146 !   102.7328 !     0.6424 ! 
 !  3.5555+05 !     1.1146 !   102.7317 !     0.6348 ! 
 !  3.8518+05 !     1.1146 !   102.7306 !     0.6272 ! 
 !  4.1481+05 !     1.1146 !   102.7296 !     0.6196 ! 
 !------------+------------+------------+------------! 
 !  4.4444+05 !     1.1146 !   102.7286 !     0.6120 ! 
 !  4.7407+05 !     1.1146 !   102.7276 !     0.6044 ! 
 !  5.0370+05 !     1.1146 !   102.7266 !     0.5968 ! 
 !  5.3333+05 !     1.1146 !   102.7256 !     0.5892 ! 
 !  5.6296+05 !     1.1146 !   102.7246 !     0.5816 ! 
 !------------+------------+------------+------------! 
 !  5.9259+05 !     1.1146 !   102.7236 !     0.5740 ! 
 !  6.2222+05 !     1.1146 !   102.7227 !     0.5664 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-103    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-142    
   OUTLET STREAM:            S-143    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-127    
   OUTLET STREAM:            S-129    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1558.38         1558.38         0.00000     
       MASS(KG/HR   )            43241.2         43241.2         0.00000     
       ENTHALPY(CAL/SEC )      -0.283682E+08   -0.283682E+08   -0.131319E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                      101.6000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-142     ----->|                HOT                 |-----> S-143    
   T=  1.0272D+02  |                                    |       T=  1.0272D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  5.6641D-01  |                                    |       V=  5.3719D-01 
                   |                                    | 
   S-129     <-----|                COLD                |<----- S-127    
   T=  1.0160D+02  |                                    |       T=  5.0000D+01 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             113898.9486 
     CALCULATED (REQUIRED) AREA     SQM                     41.8543 
     ACTUAL EXCHANGER AREA          SQM                     41.8543 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K             8497.2215 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       13.4043 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           COND                            | HOT OUT  
 ------> |                                                           |------> 
  102.7  |                                                           |  102.7 
         |                                                           | 
 COLDOUT |                           LIQ                             | COLDIN   
 <------ |                                                           |<------ 
  101.6  |                                                           |   50.0 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     113898.949        41.8543      13.4043     0.0203        8497.2215 
 
 HEATX COLD-TQCU E-103    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0133 !   101.6000 !     0.0    ! 
 !  5423.7595 !     1.0133 !    99.2390 !     0.0    ! 
 !  1.0848+04 !     1.0133 !    96.8690 !     0.0    ! 
 !  1.6271+04 !     1.0133 !    94.4899 !     0.0    ! 
 !  2.1695+04 !     1.0133 !    92.1017 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  2.7119+04 !     1.0133 !    89.7042 !     0.0    ! 
 !  3.2543+04 !     1.0133 !    87.2973 !     0.0    ! 
 !  3.7966+04 !     1.0133 !    84.8810 !     0.0    ! 
 !  4.3390+04 !     1.0133 !    82.4551 !     0.0    ! 
 !  4.8814+04 !     1.0133 !    80.0196 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  5.4238+04 !     1.0133 !    77.5742 !     0.0    ! 
 !  5.9661+04 !     1.0133 !    75.1190 !     0.0    ! 
 !  6.5085+04 !     1.0133 !    72.6538 !     0.0    ! 
 !  7.0509+04 !     1.0133 !    70.1785 !     0.0    ! 
 !  7.5933+04 !     1.0133 !    67.6930 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  8.1356+04 !     1.0133 !    65.1972 !     0.0    ! 
 !  8.6780+04 !     1.0133 !    62.6909 !     0.0    ! 
 !  9.2204+04 !     1.0133 !    60.1742 !     0.0    ! 
 !  9.7628+04 !     1.0133 !    57.6467 !     0.0    ! 
 !  1.0305+05 !     1.0133 !    55.1086 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.0848+05 !     1.0133 !    52.5595 !     0.0    ! 
 !  1.1390+05 !     1.0133 !    50.0000 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-103    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   102.7227 !     0.5664 ! 
 !  5423.7595 !     1.1146 !   102.7225 !     0.5650 ! 
 !  1.0848+04 !     1.1146 !   102.7223 !     0.5636 ! 
 !  1.6271+04 !     1.1146 !   102.7222 !     0.5622 ! 
 !  2.1695+04 !     1.1146 !   102.7220 !     0.5608 ! 
 !------------+------------+------------+------------! 
 !  2.7119+04 !     1.1146 !   102.7218 !     0.5594 ! 
 !  3.2543+04 !     1.1146 !   102.7216 !     0.5581 ! 
 !  3.7966+04 !     1.1146 !   102.7215 !     0.5567 ! 
 !  4.3390+04 !     1.1146 !   102.7213 !     0.5553 ! 
 !  4.8814+04 !     1.1146 !   102.7211 !     0.5539 ! 
 !------------+------------+------------+------------! 
 !  5.4238+04 !     1.1146 !   102.7210 !     0.5525 ! 
 !  5.9661+04 !     1.1146 !   102.7208 !     0.5511 ! 
 !  6.5085+04 !     1.1146 !   102.7206 !     0.5497 ! 
 !  7.0509+04 !     1.1146 !   102.7204 !     0.5483 ! 
 !  7.5933+04 !     1.1146 !   102.7203 !     0.5469 ! 
 !------------+------------+------------+------------! 
 !  8.1356+04 !     1.1146 !   102.7201 !     0.5455 ! 
 !  8.6780+04 !     1.1146 !   102.7199 !     0.5441 ! 
 !  9.2204+04 !     1.1146 !   102.7197 !     0.5428 ! 
 !  9.7628+04 !     1.1146 !   102.7196 !     0.5414 ! 
 !  1.0305+05 !     1.1146 !   102.7194 !     0.5400 ! 
 !------------+------------+------------+------------! 
 !  1.0848+05 !     1.1146 !   102.7192 !     0.5386 ! 
 !  1.1390+05 !     1.1146 !   102.7191 !     0.5372 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-104    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-121    
   OUTLET STREAM:            S-122    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-131    
   OUTLET STREAM:            S-132    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            517.829         517.829         0.00000     
       MASS(KG/HR   )            82067.8         82067.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.121601E+08   -0.121601E+08   -0.153177E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                      130.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-121     ----->|                HOT                 |-----> S-122    
   T=  1.3100D+02  |                                    |       T=  1.2478D+02 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-132     <-----|                COLD                |<----- S-131    
   T=  1.3000D+02  |                                    |       T=  1.0160D+02 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  2.9834D-03  |                                    |       V=  2.3156D-03 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC              55424.2917 
     CALCULATED (REQUIRED) AREA     SQM                     38.6907 
     ACTUAL EXCHANGER AREA          SQM                     38.6907 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K             7854.9393 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                        7.0560 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           LIQ                             | HOT OUT  
 ------> |                                                           |------> 
  131.0  |                                                           |  124.8 
         |                                                           | 
 COLDOUT |                           BOIL                            | COLDIN   
 <------ |                                                           |<------ 
  130.0  |                                                           |  101.6 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1      55424.292        38.6907       7.0560     0.0203        7854.9393 
 
 HEATX COLD-TQCU E-104    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0133 !   130.0000 !  2.9834-03 ! 
 !  2639.2520 !     1.0133 !   128.6940 !  2.9593-03 ! 
 !  5278.5040 !     1.0133 !   127.3837 !  2.9346-03 ! 
 !  7917.7560 !     1.0133 !   126.0689 !  2.9093-03 ! 
 !  1.0557+04 !     1.0133 !   124.7497 !  2.8834-03 ! 
 !------------+------------+------------+------------! 
 !  1.3196+04 !     1.0133 !   123.4260 !  2.8567-03 ! 
 !  1.5836+04 !     1.0133 !   122.0977 !  2.8294-03 ! 
 !  1.8475+04 !     1.0133 !   120.7649 !  2.8013-03 ! 
 !  2.1114+04 !     1.0133 !   119.4274 !  2.7725-03 ! 
 !  2.3753+04 !     1.0133 !   118.0853 !  2.7429-03 ! 
 !------------+------------+------------+------------! 
 !  2.6393+04 !     1.0133 !   116.7385 !  2.7125-03 ! 
 !  2.9032+04 !     1.0133 !   115.3869 !  2.6813-03 ! 
 !  3.1671+04 !     1.0133 !   114.0306 !  2.6492-03 ! 
 !  3.4310+04 !     1.0133 !   112.6694 !  2.6162-03 ! 
 !  3.6950+04 !     1.0133 !   111.3033 !  2.5823-03 ! 
 !------------+------------+------------+------------! 
 !  3.9589+04 !     1.0133 !   109.9323 !  2.5474-03 ! 
 !  4.2228+04 !     1.0133 !   108.5563 !  2.5115-03 ! 
 !  4.4867+04 !     1.0133 !   107.1753 !  2.4746-03 ! 
 !  4.7507+04 !     1.0133 !   105.7892 !  2.4366-03 ! 
 !  5.0146+04 !     1.0133 !   104.3980 !  2.3974-03 ! 
 !------------+------------+------------+------------! 
 !  5.2785+04 !     1.0133 !   103.0016 !  2.3571-03 ! 
 !  5.5424+04 !     1.0133 !   101.6000 !  2.3156-03 ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-104    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0133 !   131.0000 !     0.0    ! 
 !  2639.2520 !     1.0133 !   130.7051 !     0.0    ! 
 !  5278.5040 !     1.0133 !   130.4101 !     0.0    ! 
 !  7917.7560 !     1.0133 !   130.1149 !     0.0    ! 
 !  1.0557+04 !     1.0133 !   129.8196 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.3196+04 !     1.0133 !   129.5242 !     0.0    ! 
 !  1.5836+04 !     1.0133 !   129.2286 !     0.0    ! 
 !  1.8475+04 !     1.0133 !   128.9329 !     0.0    ! 
 !  2.1114+04 !     1.0133 !   128.6371 !     0.0    ! 
 !  2.3753+04 !     1.0133 !   128.3411 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  2.6393+04 !     1.0133 !   128.0450 !     0.0    ! 
 !  2.9032+04 !     1.0133 !   127.7487 !     0.0    ! 
 !  3.1671+04 !     1.0133 !   127.4523 !     0.0    ! 
 !  3.4310+04 !     1.0133 !   127.1558 !     0.0    ! 
 !  3.6950+04 !     1.0133 !   126.8592 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  3.9589+04 !     1.0133 !   126.5624 !     0.0    ! 
 !  4.2228+04 !     1.0133 !   126.2655 !     0.0    ! 
 !  4.4867+04 !     1.0133 !   125.9684 !     0.0    ! 
 !  4.7507+04 !     1.0133 !   125.6712 !     0.0    ! 
 !  5.0146+04 !     1.0133 !   125.3739 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  5.2785+04 !     1.0133 !   125.0764 !     0.0    ! 
 !  5.5424+04 !     1.0133 !   124.7788 !     0.0    ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-105    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-120    
   OUTLET STREAM:            S-121    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-109    
   OUTLET STREAM:            S-110    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3642.86         3642.86         0.00000     
       MASS(KG/HR   )            481340.         481340.        0.241857E-15 
       ENTHALPY(CAL/SEC )      -0.106460E+09   -0.106460E+09   -0.559880E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT OUTLET TEMP      
     SPECIFIED VALUE                C                      131.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-120     ----->|                HOT                 |-----> S-121    
   T=  2.0005D+02  |                                    |       T=  1.3100D+02 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   |                                    | 
   S-110     <-----|                COLD                |<----- S-109    
   T=  1.3447D+02  |                                    |       T=  1.3000D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  4.4504D-02  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             641522.7242 
     CALCULATED (REQUIRED) AREA     SQM                    204.8008 
     ACTUAL EXCHANGER AREA          SQM                    204.8008 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K            41578.4579 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       15.4292 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           LIQ                             | HOT OUT  
 ------> |                                                           |------> 
  200.1  |                                                           |  131.0 
         |                                                           | 
 COLDOUT |                           BOIL                            | COLDIN   
 <------ |                                                           |<------ 
  134.5  |                                                           |  130.0 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     641522.724       204.8008      15.4292     0.0203       41578.4579 
 
 HEATX COLD-TQCU E-105    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   134.4668 !  4.4504-02 ! 
 !  3.0549+04 !     1.1146 !   134.2326 !  4.2541-02 ! 
 !  6.1097+04 !     1.1146 !   134.0006 !  4.0563-02 ! 
 !  9.1646+04 !     1.1146 !   133.7708 !  3.8569-02 ! 
 !  1.2219+05 !     1.1146 !   133.5431 !  3.6558-02 ! 
 !------------+------------+------------+------------! 
 !  1.5274+05 !     1.1146 !   133.3176 !  3.4532-02 ! 
 !  1.8329+05 !     1.1146 !   133.0943 !  3.2490-02 ! 
 !  2.1384+05 !     1.1146 !   132.8731 !  3.0432-02 ! 
 !  2.4439+05 !     1.1146 !   132.6541 !  2.8358-02 ! 
 !  2.7494+05 !     1.1146 !   132.4373 !  2.6269-02 ! 
 !------------+------------+------------+------------! 
 !  3.0549+05 !     1.1146 !   132.2226 !  2.4163-02 ! 
 !  3.3604+05 !     1.1146 !   132.0100 !  2.2043-02 ! 
 !  3.6658+05 !     1.1146 !   131.7995 !  1.9907-02 ! 
 !  3.9713+05 !     1.1146 !   131.5912 !  1.7756-02 ! 
 !  4.2768+05 !     1.1146 !   131.3850 !  1.5589-02 ! 
 !------------+------------+------------+------------! 
 !  4.5823+05 !     1.1146 !   131.1808 !  1.3407-02 ! 
 !  4.8878+05 !     1.1146 !   130.9788 !  1.1210-02 ! 
 !  5.1933+05 !     1.1146 !   130.7789 !  8.9977-03 ! 
 !  5.4988+05 !     1.1146 !   130.5810 !  6.7707-03 ! 
 !  5.8043+05 !     1.1146 !   130.3852 !  4.5288-03 ! 
 !------------+------------+------------+------------! 
 !  6.1097+05 !     1.1146 !   130.1914 !  2.2721-03 ! 
 !  6.4152+05 !     1.1146 !   129.9997 !  7.3601-07 ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-105    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0133 !   199.9944 !     0.0    ! 
 !  3.0549+04 !     1.0133 !   196.8064 !     0.0    ! 
 !  6.1097+04 !     1.0133 !   193.6085 !     0.0    ! 
 !  9.1646+04 !     1.0133 !   190.4007 !     0.0    ! 
 !  1.2219+05 !     1.0133 !   187.1832 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.5274+05 !     1.0133 !   183.9560 !     0.0    ! 
 !  1.8329+05 !     1.0133 !   180.7193 !     0.0    ! 
 !  2.1384+05 !     1.0133 !   177.4730 !     0.0    ! 
 !  2.4439+05 !     1.0133 !   174.2174 !     0.0    ! 
 !  2.7494+05 !     1.0133 !   170.9525 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  3.0549+05 !     1.0133 !   167.6784 !     0.0    ! 
 !  3.3604+05 !     1.0133 !   164.3952 !     0.0    ! 
 !  3.6658+05 !     1.0133 !   161.1031 !     0.0    ! 
 !  3.9713+05 !     1.0133 !   157.8020 !     0.0    ! 
 !  4.2768+05 !     1.0133 !   154.4922 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.5823+05 !     1.0133 !   151.1737 !     0.0    ! 
 !  4.8878+05 !     1.0133 !   147.8466 !     0.0    ! 
 !  5.1933+05 !     1.0133 !   144.5103 !     0.0    ! 
 !  5.4988+05 !     1.0133 !   141.1585 !     0.0    ! 
 !  5.8043+05 !     1.0133 !   137.7897 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  6.1097+05 !     1.0133 !   134.4037 !     0.0    ! 
 !  6.4152+05 !     1.0133 !   131.0000 !     0.0    ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-106    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-122    
   OUTLET STREAM:         S-123    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            379.262         379.262         0.00000     
       MASS(KG/HR   )            61821.0         61821.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.124468E+08   -0.130718E+08    0.478109E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        50.0000      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    50.000     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.62497E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.30761E-02    0.30761E-02    0.98340        0.27365     
      FRUCTOSE         0.27084E-01    0.27084E-01    0.10866E-10    0.34340E-12 
      GLUCOSE          0.33521        0.33521        0.24473E-07    0.62491E-10 
      HMF              0.11033        0.11033        0.44060E-02    0.34183E-04 
      HUMINS           0.12496E-01    0.12496E-01    0.14468E-17    0.99100E-19 
      FORMIC-0         0.96915E-05    0.96915E-05    0.12032E-01     1.0627     
      LEVUL-01         0.19027E-02    0.19027E-02    0.39555E-04    0.17794E-04 
      HCL              0.61918E-04    0.61918E-04    0.13141E-18    0.18167E-17 
      EMIMCL           0.50983        0.50983        0.82112E-06    0.13786E-08 
      O2               0.12371E-10    0.12371E-10    0.28031E-04     1939.4     
      N2               0.34878E-10    0.34878E-10    0.95215E-04     2336.8     
 
 BLOCK:  E-107    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-108    
   OUTLET STREAM:         S-108A   
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1079.11         1079.11         0.00000     
       MASS(KG/HR   )            19662.4         19662.4        0.185022E-15 
       ENTHALPY(CAL/SEC )      -0.170998E+08   -0.172241E+08    0.721366E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PV  FLASH 
   PRESSURE DROP                        BAR                       0.0         
   VAPOR FRACTION                                                 0.98000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    103.81     
   OUTLET PRESSURE       BAR                                  1.1146     
   HEAT DUTY             CAL/SEC                            -0.12425E+06 
   OUTLET VAPOR FRACTION                                     0.98000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.99521        0.95770        0.99597         1.0400     
      FRUCTOSE         0.26135E-09    0.13068E-07    0.30658E-16    0.23461E-08 
      GLUCOSE          0.39738E-10    0.19869E-08    0.20052E-17    0.10092E-08 
      HMF              0.85521E-03    0.36621E-01    0.12529E-03    0.34212E-02 
      HUMINS           0.39775E-13    0.19887E-11    0.80178E-18    0.40317E-06 
      FORMIC-0         0.38977E-02    0.43618E-02    0.38882E-02    0.89143     
      LEVUL-01         0.40666E-04    0.13128E-02    0.14705E-04    0.11202E-01 
      HCL              0.43183E-07    0.20970E-09    0.44060E-07     210.11     
      EMIMCL           0.40210E-09    0.20105E-07    0.37234E-16    0.18520E-08 
      O2               0.23737E-10    0.40369E-15    0.24222E-10     60001.     
      N2               0.66922E-10    0.68773E-15    0.68287E-10     99294.     
 
 BLOCK:  E-107A   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-108A   
   OUTLET VAPOR STREAM:   S-112    
   OUTLET LIQUID STREAM:  S-113    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1079.11         1079.11         0.00000     
       MASS(KG/HR   )            19662.4         19662.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.172241E+08   -0.172241E+08    0.677012E-10 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 1.11458     
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    103.81     
   OUTLET PRESSURE       BAR                                  1.1146     
   VAPOR FRACTION                                            0.98000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.99521        0.95770        0.99597         1.0400     
      FRUCTOSE         0.26135E-09    0.13068E-07    0.30658E-16    0.23461E-08 
      GLUCOSE          0.39738E-10    0.19869E-08    0.20052E-17    0.10092E-08 
      HMF              0.85521E-03    0.36621E-01    0.12529E-03    0.34212E-02 
      HUMINS           0.39775E-13    0.19887E-11    0.80178E-18    0.40317E-06 
      FORMIC-0         0.38977E-02    0.43618E-02    0.38882E-02    0.89143     
      LEVUL-01         0.40666E-04    0.13128E-02    0.14705E-04    0.11202E-01 
      HCL              0.43183E-07    0.20970E-09    0.44060E-07     210.11     
      EMIMCL           0.40210E-09    0.20105E-07    0.37234E-16    0.18520E-08 
      O2               0.23737E-10    0.19207E-13    0.24221E-10     1261.0     
      N2               0.66922E-10    0.47946E-13    0.68286E-10     1424.2     
 
 BLOCK:  E-108    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-133    
   OUTLET STREAM:            S-134    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-110    
   OUTLET STREAM:            S-111    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            4714.49         4714.49         0.00000     
       MASS(KG/HR   )            445895.         445895.         0.00000     
       ENTHALPY(CAL/SEC )      -0.115874E+09   -0.115874E+09    0.385795E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD TEMP CHANGE     
     SPECIFIED VALUE                C                        7.5000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-133     ----->|                HOT                 |-----> S-134    
   T=  4.6546D+02  |                                    |       T=  2.2192D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  1.0000D+00  |                                    |       V=  1.0000D+00 
                   |                                    | 
   S-111     <-----|                COLD                |<----- S-110    
   T=  1.4197D+02  |                                    |       T=  1.3447D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  9.3180D-02  |                                    |       V=  4.4504D-02 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             861750.2471 
     CALCULATED (REQUIRED) AREA     SQM                     23.5233 
     ACTUAL EXCHANGER AREA          SQM                     23.5233 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K             4775.6736 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                      180.4458 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           VAP                             | HOT OUT  
 ------> |                                                           |------> 
  465.5  |                                                           |  221.9 
         |                                                           | 
 COLDOUT |                           BOIL                            | COLDIN   
 <------ |                                                           |<------ 
  142.0  |                                                           |  134.5 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     861750.247        23.5233     180.4458     0.0203        4775.6736 
 
 HEATX COLD-TQCU E-108    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   141.9669 !  9.3180-02 ! 
 !  4.1036+04 !     1.1146 !   141.5714 !  9.1152-02 ! 
 !  8.2071+04 !     1.1146 !   141.1797 !  8.9097-02 ! 
 !  1.2311+05 !     1.1146 !   140.7916 !  8.7012-02 ! 
 !  1.6414+05 !     1.1146 !   140.4074 !  8.4899-02 ! 
 !------------+------------+------------+------------! 
 !  2.0518+05 !     1.1146 !   140.0269 !  8.2757-02 ! 
 !  2.4621+05 !     1.1146 !   139.6502 !  8.0586-02 ! 
 !  2.8725+05 !     1.1146 !   139.2773 !  7.8385-02 ! 
 !  3.2829+05 !     1.1146 !   138.9083 !  7.6156-02 ! 
 !  3.6932+05 !     1.1146 !   138.5432 !  7.3897-02 ! 
 !------------+------------+------------+------------! 
 !  4.1036+05 !     1.1146 !   138.1819 !  7.1609-02 ! 
 !  4.5139+05 !     1.1146 !   137.8245 !  6.9292-02 ! 
 !  4.9243+05 !     1.1146 !   137.4710 !  6.6945-02 ! 
 !  5.3346+05 !     1.1146 !   137.1214 !  6.4569-02 ! 
 !  5.7450+05 !     1.1146 !   136.7758 !  6.2164-02 ! 
 !------------+------------+------------+------------! 
 !  6.1554+05 !     1.1146 !   136.4341 !  5.9729-02 ! 
 !  6.5657+05 !     1.1146 !   136.0964 !  5.7265-02 ! 
 !  6.9761+05 !     1.1146 !   135.7625 !  5.4771-02 ! 
 !  7.3864+05 !     1.1146 !   135.4327 !  5.2248-02 ! 
 !  7.7968+05 !     1.1146 !   135.1068 !  4.9696-02 ! 
 !------------+------------+------------+------------! 
 !  8.2071+05 !     1.1146 !   134.7848 !  4.7114-02 ! 
 !  8.6175+05 !     1.1146 !   134.4668 !  4.4504-02 ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-108    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   465.4638 !     1.0000 ! 
 !  4.1036+04 !     1.1146 !   454.2888 !     1.0000 ! 
 !  8.2071+04 !     1.1146 !   443.0734 !     1.0000 ! 
 !  1.2311+05 !     1.1146 !   431.8173 !     1.0000 ! 
 !  1.6414+05 !     1.1146 !   420.5201 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  2.0518+05 !     1.1146 !   409.1817 !     1.0000 ! 
 !  2.4621+05 !     1.1146 !   397.8016 !     1.0000 ! 
 !  2.8725+05 !     1.1146 !   386.3796 !     1.0000 ! 
 !  3.2829+05 !     1.1146 !   374.9155 !     1.0000 ! 
 !  3.6932+05 !     1.1146 !   363.4089 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  4.1036+05 !     1.1146 !   351.8595 !     1.0000 ! 
 !  4.5139+05 !     1.1146 !   340.2671 !     1.0000 ! 
 !  4.9243+05 !     1.1146 !   328.6313 !     1.0000 ! 
 !  5.3346+05 !     1.1146 !   316.9518 !     1.0000 ! 
 !  5.7450+05 !     1.1146 !   305.2285 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  6.1554+05 !     1.1146 !   293.4609 !     1.0000 ! 
 !  6.5657+05 !     1.1146 !   281.6489 !     1.0000 ! 
 !  6.9761+05 !     1.1146 !   269.7922 !     1.0000 ! 
 !  7.3864+05 !     1.1146 !   257.8906 !     1.0000 ! 
 !  7.7968+05 !     1.1146 !   245.9440 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  8.2071+05 !     1.1146 !   233.9522 !     1.0000 ! 
 !  8.6175+05 !     1.1146 !   221.9152 !     1.0000 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-109    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-114    
   OUTLET STREAM:         S-114A   
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1980.16         1980.16         0.00000     
       MASS(KG/HR   )            57094.7         57094.7        0.127437E-15 
       ENTHALPY(CAL/SEC )      -0.316610E+08   -0.345738E+08    0.842504E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        53.0000      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    53.000     
   OUTLET PRESSURE       BAR                                 0.10000     
   HEAT DUTY             CAL/SEC                            -0.29129E+07 
   OUTLET VAPOR FRACTION                                     0.73263     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.89661        0.62633        0.99525         1.5890     
      FRUCTOSE         0.15179E-05    0.56773E-05    0.59529E-16    0.10485E-10 
      GLUCOSE          0.10906E-08    0.40791E-08    0.16618E-16    0.40739E-08 
      HMF              0.96016E-01    0.35793        0.43102E-03    0.12042E-02 
      HUMINS           0.13840E-08    0.51762E-08    0.11357E-20    0.21940E-12 
      FORMIC-0         0.36030E-02    0.31523E-02    0.37675E-02     1.1952     
      LEVUL-01         0.33776E-02    0.12579E-01    0.19605E-04    0.15585E-02 
      HCL              0.31175E-03    0.66504E-06    0.42528E-03     639.47     
      EMIMCL           0.72599E-08    0.27153E-07    0.51038E-15    0.18796E-07 
      O2               0.16674E-04    0.34052E-08    0.22758E-04     6683.1     
      N2               0.62725E-04    0.10677E-07    0.85612E-04     8018.8     
 
 BLOCK:  E-109A   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-114A   
   OUTLET VAPOR STREAM:   S-116A   
   OUTLET LIQUID STREAM:  S-115    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1980.16         1980.17       -0.295136E-05 
       MASS(KG/HR   )            57094.7         57094.8       -0.181274E-05 
       ENTHALPY(CAL/SEC )      -0.345738E+08   -0.345739E+08    0.268410E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    53.000     
   OUTLET PRESSURE       BAR                                 0.10000     
   VAPOR FRACTION                                            0.73263     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.89661        0.62633        0.99525         1.5890     
      FRUCTOSE         0.15179E-05    0.56773E-05    0.59529E-16    0.10485E-10 
      GLUCOSE          0.10906E-08    0.40791E-08    0.16618E-16    0.40739E-08 
      HMF              0.96016E-01    0.35793        0.43102E-03    0.12042E-02 
      HUMINS           0.13840E-08    0.51762E-08    0.11357E-20    0.21940E-12 
      FORMIC-0         0.36030E-02    0.31523E-02    0.37675E-02     1.1952     
      LEVUL-01         0.33776E-02    0.12579E-01    0.19605E-04    0.15585E-02 
      HCL              0.31175E-03    0.66504E-06    0.42528E-03     639.47     
      EMIMCL           0.72599E-08    0.27153E-07    0.51038E-15    0.18796E-07 
      O2               0.16674E-04    0.34052E-08    0.22758E-04     6683.1     
      N2               0.62725E-04    0.10677E-07    0.85612E-04     8018.8     
 
 BLOCK:  E-110    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-134    
   OUTLET STREAM:            S-139    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-137    
   OUTLET STREAM:            S-138    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 
     *********************************************************************** 
     *                                                                     * 
     *     ERRORS IN BLOCK CALCULATIONS                                    * 
     *                                                                     * 
     *     INTERNAL TEMPERATURE CROSS DETECTED AT ZONE BOUNDARY            *    
     *                                                                     * 
     *********************************************************************** 
 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2001.91         2001.91         0.00000     
       MASS(KG/HR   )            57579.0         57579.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.344123E+08   -0.344123E+08   -0.433019E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                      180.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-134     ----->|                HOT                 |-----> S-139    
   T=  2.2192D+02  |                                    |       T=  1.0289D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  1.0000D+00  |                                    |       V=  9.3220D-01 
                   |                                    | 
   S-138     <-----|                COLD                |<----- S-137    
   T=  1.8000D+02  |                                    |       T=  5.5761D+01 
   P=  2.2000D+01  |                                    |       P=  2.2000D+01 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             663641.1287 
     CALCULATED (REQUIRED) AREA     SQM                    424.9162 
     ACTUAL EXCHANGER AREA          SQM                    424.9162 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K            86266.0769 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                        7.6930 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 HOT IN  |             VAP             |             COND            | HOT OUT  
 ------> |                             |                             |------> 
  221.9  |                        106.2|                             |  102.9 
         |                             |                             | 
 COLDOUT |             LIQ             |             LIQ             | COLDIN   
 <------ |                             |                             |<------ 
  180.0  |                        111.0|                             |   55.8 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1     387005.320       257.7243       7.3965     0.0203       52322.9397 
     2     276635.809       167.1919       8.1500     0.0203       33943.1372 
 
 HEATX COLD-TQCU E-110    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !    22.0000 !   180.0000 !     0.0    ! 
 !  3.1602+04 !    22.0000 !   174.7038 !     0.0    ! 
 !  6.3204+04 !    22.0000 !   169.3490 !     0.0    ! 
 !  9.4806+04 !    22.0000 !   163.9353 !     0.0    ! 
 !  1.2641+05 !    22.0000 !   158.4620 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.5801+05 !    22.0000 !   152.9287 !     0.0    ! 
 !  1.8961+05 !    22.0000 !   147.3348 !     0.0    ! 
 !  2.2121+05 !    22.0000 !   141.6796 !     0.0    ! 
 !  2.5282+05 !    22.0000 !   135.9627 !     0.0    ! 
 !  2.8442+05 !    22.0000 !   130.1834 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  3.1602+05 !    22.0000 !   124.3411 !     0.0    ! 
 !  3.4762+05 !    22.0000 !   118.4352 !     0.0    ! 
 !  3.7922+05 !    22.0000 !   112.4651 !     0.0    ! 
 !  3.8701+05 !    22.0000 !   110.9850 !     0.0    ! 
 !  4.1083+05 !    22.0000 !   106.4302 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.4243+05 !    22.0000 !   100.3300 !     0.0    ! 
 !  4.7403+05 !    22.0000 !    94.1638 !     0.0    ! 
 !  5.0563+05 !    22.0000 !    87.9314 !     0.0    ! 
 !  5.3723+05 !    22.0000 !    81.6321 !     0.0    ! 
 !  5.6884+05 !    22.0000 !    75.2656 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  6.0044+05 !    22.0000 !    68.8318 !     0.0    ! 
 !  6.3204+05 !    22.0000 !    62.3303 !     0.0    ! 
 !  6.6364+05 !    22.0000 !    55.7613 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-110    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   221.9152 !     1.0000 ! 
 !  3.1602+04 !     1.1146 !   212.6146 !     1.0000 ! 
 !  6.3204+04 !     1.1146 !   203.2873 !     1.0000 ! 
 !  9.4806+04 !     1.1146 !   193.9333 !     1.0000 ! 
 !  1.2641+05 !     1.1146 !   184.5528 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  1.5801+05 !     1.1146 !   175.1459 !     1.0000 ! 
 !  1.8961+05 !     1.1146 !   165.7129 !     1.0000 ! 
 !  2.2121+05 !     1.1146 !   156.2540 !     1.0000 ! 
 !  2.5282+05 !     1.1146 !   146.7696 !     1.0000 ! 
 !  2.8442+05 !     1.1146 !   137.2601 !     1.0000 ! 
 !------------+------------+------------+------------! 
 !  3.1602+05 !     1.1146 !   127.7260 !     1.0000 ! 
 !  3.4762+05 !     1.1146 !   118.1679 !     1.0000 ! 
 !  3.7922+05 !     1.1146 !   108.5863 !     1.0000 ! 
 !  3.8701+05 !     1.1146 !   106.2234 ! DEW>1.0000 ! 
 !  4.1083+05 !     1.1146 !   104.3319 !     0.9957 ! 
 !------------+------------+------------+------------! 
 !  4.4243+05 !     1.1146 !   103.5484 !     0.9883 ! 
 !  4.7403+05 !     1.1146 !   103.2629 !     0.9805 ! 
 !  5.0563+05 !     1.1146 !   103.1203 !     0.9725 ! 
 !  5.3723+05 !     1.1146 !   103.0354 !     0.9645 ! 
 !  5.6884+05 !     1.1146 !   102.9792 !     0.9564 ! 
 !------------+------------+------------+------------! 
 !  6.0044+05 !     1.1146 !   102.9392 !     0.9484 ! 
 !  6.3204+05 !     1.1146 !   102.9094 !     0.9403 ! 
 !  6.6364+05 !     1.1146 !   102.8863 !     0.9322 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-111    MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-139    
   OUTLET STREAM:            S-140    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-107    
   OUTLET STREAM:            S-131    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1589.45         1589.45         0.00000     
       MASS(KG/HR   )            46623.3         46623.3         0.00000     
       ENTHALPY(CAL/SEC )      -0.232293E+08   -0.232293E+08   -0.320741E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                C                      101.6000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-139     ----->|                HOT                 |-----> S-140    
   T=  1.0289D+02  |                                    |       T=  1.0283D+02 
   P=  1.1146D+00  |                                    |       P=  1.1146D+00 
   V=  9.3220D-01  |                                    |       V=  8.9894D-01 
                   |                                    | 
   S-131     <-----|                COLD                |<----- S-107    
   T=  1.0160D+02  |                                    |       T=  2.5000D+01 
   P=  1.0132D+00  |                                    |       P=  1.0132D+00 
   V=  2.3156D-03  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             129893.7214 
     CALCULATED (REQUIRED) AREA     SQM                     35.2608 
     ACTUAL EXCHANGER AREA          SQM                     35.2608 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K             7158.6053 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       18.1451 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 HOT IN  |             COND            |             COND            | HOT OUT  
 ------> |                             |                             |------> 
  102.9  |                        102.8|                             |  102.8 
         |                             |                             | 
 COLDOUT |             BOIL            |             LIQ             | COLDIN   
 <------ |                             |                             |<------ 
  101.6  |                         55.3|                             |   25.0 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1      81736.650        31.4018      12.8211     0.0203        6375.1552 
     2      48157.072         3.8590      61.4680     0.0203         783.4501 
 
 HEATX COLD-TQCU E-111    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.0133 !   101.6000 !  2.3156-03 ! 
 !  6185.4153 !     1.0133 !    98.2943 !  2.2132-03 ! 
 !  1.2371+04 !     1.0133 !    94.9590 !  2.1031-03 ! 
 !  1.8556+04 !     1.0133 !    91.5932 !  1.9846-03 ! 
 !  2.4742+04 !     1.0133 !    88.1961 !  1.8567-03 ! 
 !------------+------------+------------+------------! 
 !  3.0927+04 !     1.0133 !    84.7670 !  1.7186-03 ! 
 !  3.7112+04 !     1.0133 !    81.3051 !  1.5689-03 ! 
 !  4.3298+04 !     1.0133 !    77.8093 !  1.4065-03 ! 
 !  4.9483+04 !     1.0133 !    74.2788 !  1.2299-03 ! 
 !  5.5669+04 !     1.0133 !    70.7127 !  1.0373-03 ! 
 !------------+------------+------------+------------! 
 !  6.1854+04 !     1.0133 !    67.1098 !  8.2681-04 ! 
 !  6.8040+04 !     1.0133 !    63.4690 !  5.9619-04 ! 
 !  7.4225+04 !     1.0133 !    59.7893 !  3.4279-04 ! 
 !  8.0410+04 !     1.0133 !    56.0693 !  6.3567-05 ! 
 !  8.1737+04 !     1.0133 !    55.2663 ! BUB>0.0    ! 
 !------------+------------+------------+------------! 
 !  8.6596+04 !     1.0133 !    52.3112 !     0.0    ! 
 !  9.2781+04 !     1.0133 !    48.6011 !     0.0    ! 
 !  9.8967+04 !     1.0133 !    44.8020 !     0.0    ! 
 !  1.0515+05 !     1.0133 !    40.9459 !     0.0    ! 
 !  1.1134+05 !     1.0133 !    37.0377 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.1752+05 !     1.0133 !    33.0778 !     0.0    ! 
 !  1.2371+05 !     1.0133 !    29.0657 !     0.0    ! 
 !  1.2989+05 !     1.0133 !    25.0000 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR E-111    TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     1.1146 !   102.8863 !     0.9322 ! 
 !  6185.4153 !     1.1146 !   102.8823 !     0.9306 ! 
 !  1.2371+04 !     1.1146 !   102.8786 !     0.9290 ! 
 !  1.8556+04 !     1.1146 !   102.8750 !     0.9275 ! 
 !  2.4742+04 !     1.1146 !   102.8715 !     0.9259 ! 
 !------------+------------+------------+------------! 
 !  3.0927+04 !     1.1146 !   102.8682 !     0.9243 ! 
 !  3.7112+04 !     1.1146 !   102.8649 !     0.9227 ! 
 !  4.3298+04 !     1.1146 !   102.8619 !     0.9211 ! 
 !  4.9483+04 !     1.1146 !   102.8589 !     0.9195 ! 
 !  5.5669+04 !     1.1146 !   102.8560 !     0.9180 ! 
 !------------+------------+------------+------------! 
 !  6.1854+04 !     1.1146 !   102.8533 !     0.9164 ! 
 !  6.8040+04 !     1.1146 !   102.8506 !     0.9148 ! 
 !  7.4225+04 !     1.1146 !   102.8480 !     0.9132 ! 
 !  8.0410+04 !     1.1146 !   102.8456 !     0.9116 ! 
 !  8.1737+04 !     1.1146 !   102.8450 !     0.9113 ! 
 !------------+------------+------------+------------! 
 !  8.6596+04 !     1.1146 !   102.8432 !     0.9100 ! 
 !  9.2781+04 !     1.1146 !   102.8408 !     0.9084 ! 
 !  9.8967+04 !     1.1146 !   102.8386 !     0.9069 ! 
 !  1.0515+05 !     1.1146 !   102.8364 !     0.9053 ! 
 !  1.1134+05 !     1.1146 !   102.8343 !     0.9037 ! 
 !------------+------------+------------+------------! 
 !  1.1752+05 !     1.1146 !   102.8323 !     0.9021 ! 
 !  1.2371+05 !     1.1146 !   102.8303 !     0.9005 ! 
 !  1.2989+05 !     1.1146 !   102.8284 !     0.8989 ! 
 ----------------------------------------------------- 
 
 BLOCK:  E-112    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-143    
   OUTLET STREAM:         S-144    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1450.89         1450.89         0.00000     
       MASS(KG/HR   )            26376.4         26376.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.248712E+08   -0.274380E+08    0.935510E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        40.0000      
   SPECIFIED PRESSURE                   BAR                       1.11458     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    40.000     
   OUTLET PRESSURE       BAR                                  1.1146     
   HEAT DUTY             CAL/SEC                            -0.25668E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.99514        0.99514        0.21670        0.66270E-01 
      HMF              0.43097E-03    0.43097E-03    0.85598E-07    0.60446E-04 
      FORMIC-0         0.37670E-02    0.37670E-02    0.90720E-03    0.73292E-01 
      LEVUL-01         0.19603E-04    0.19603E-04    0.72396E-08    0.11240E-03 
      HCL              0.42523E-03    0.42523E-03    0.99432E-01     71.163     
      O2               0.45511E-04    0.45511E-04    0.12199         815.73     
      N2               0.17121E-03    0.17121E-03    0.56098         997.18     
 
 BLOCK:  F-101    MODEL: SEP2             
 ---------------------------- 
   INLET STREAM:          S-123    
   OUTLET STREAMS:        S-124       S-125    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            379.262         379.262         0.00000     
       MASS(KG/HR   )            61821.0         61821.0        0.117694E-15 
       ENTHALPY(CAL/SEC )      -0.130718E+08   -0.130691E+08   -0.208271E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S-124    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-125    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                              2722.5     
 
  STREAM=   S-124      SUBSTREAM= MIXED    
     COMPONENT = H2O       SPLIT FRACTION =          0.95547     
     COMPONENT = FRUCTOSE  SPLIT FRACTION =          0.95547     
     COMPONENT = GLUCOSE   SPLIT FRACTION =          0.95547     
     COMPONENT = HMF       SPLIT FRACTION =          0.95547     
     COMPONENT = HUMINS    SPLIT FRACTION =          0.100000    
     COMPONENT = FORMIC-0  SPLIT FRACTION =          0.95547     
     COMPONENT = LEVUL-01  SPLIT FRACTION =          0.95547     
     COMPONENT = HCL       SPLIT FRACTION =          0.95547     
     COMPONENT = EMIMCL    SPLIT FRACTION =          0.95547     
     COMPONENT = O2        SPLIT FRACTION =          0.95547     
     COMPONENT = N2        SPLIT FRACTION =          0.95547     
 
  STREAM=   S-125      SUBSTREAM= MIXED    
     COMPONENT = H2O       SPLIT FRACTION =          0.044534    
     COMPONENT = FRUCTOSE  SPLIT FRACTION =          0.044534    
     COMPONENT = GLUCOSE   SPLIT FRACTION =          0.044534    
     COMPONENT = HMF       SPLIT FRACTION =          0.044534    
     COMPONENT = HUMINS    SPLIT FRACTION =          0.90000     
     COMPONENT = FORMIC-0  SPLIT FRACTION =          0.044534    
     COMPONENT = LEVUL-01  SPLIT FRACTION =          0.044534    
     COMPONENT = HCL       SPLIT FRACTION =          0.044534    
     COMPONENT = EMIMCL    SPLIT FRACTION =          0.044534    
     COMPONENT = O2        SPLIT FRACTION =          0.044534    
     COMPONENT = N2        SPLIT FRACTION =          0.044534    
 
 BLOCK:  M-101    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-119       S-129    
   OUTLET STREAM:         S-130    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2069.36         2069.36         0.00000     
       MASS(KG/HR   )            336655.         336655.       -0.691600E-15 
       ENTHALPY(CAL/SEC )      -0.642742E+08   -0.642742E+08    0.463674E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-102    MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-124    
   OUTLET STREAMS:        S-127       S-126    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            358.317         358.317       -0.158640E-15 
       MASS(KG/HR   )            56216.2         56216.2       -0.129428E-15 
       ENTHALPY(CAL/SEC )      -0.120366E+08   -0.120366E+08    0.154749E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-126    FRAC=         0.70000     
 
                           ***  RESULTS  *** 
 
  STREAM= S-127          SPLIT=          0.30000     KEY=  0    STREAM-ORDER=   2 
          S-126                          0.70000           0                    1 
 
 BLOCK:  M-103    MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-118    
   OUTLET STREAMS:        S-119       S-120    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2341.12         2341.12        0.179642E-06 
       MASS(KG/HR   )            381611.         381611.        0.165322E-06 
       ENTHALPY(CAL/SEC )      -0.725265E+08   -0.725270E+08    0.781912E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-120    FRAC=         0.16200     
 
                           ***  RESULTS  *** 
 
  STREAM= S-119          SPLIT=          0.83800     KEY=  0    STREAM-ORDER=   2 
          S-120                          0.16200           0                    1 
 
 BLOCK:  M-104    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-130       S-132       S-105    
   OUTLET STREAM:         RXN-IN   
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3610.07         3610.06        0.219080E-05 
       MASS(KG/HR   )            439183.         439181.        0.356033E-05 
       ENTHALPY(CAL/SEC )      -0.112123E+09   -0.112123E+09   -0.320076E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-105    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         AIR2        S-116A   
   OUTLET STREAM:         S-116    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1450.89         1450.89         0.00000     
       MASS(KG/HR   )            26376.4         26376.4        0.524117E-14 
       ENTHALPY(CAL/SEC )      -0.232283E+08   -0.232283E+08   -0.529246E-14 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-106    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-125       S-126    
   OUTLET STREAM:         S-128    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            271.766         271.766         0.00000     
       MASS(KG/HR   )            44956.1         44956.1       -0.161846E-15 
       ENTHALPY(CAL/SEC )      -0.945808E+07   -0.945808E+07    0.196937E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  P-104    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-117    
   OUTLET STREAM:         S-118    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2341.12         2341.12         0.00000     
       MASS(KG/HR   )            381611.         381611.        0.457594E-15 
       ENTHALPY(CAL/SEC )      -0.725296E+08   -0.725265E+08   -0.426804E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.01325     
    PUMP EFFICIENCY                                         0.75000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         6,386.29        
    PRESSURE CHANGE  BAR                                    0.91325     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         9.72047     
    BRAKE POWER  KW                                        12.9606      
    ELECTRICITY  KW                                        12.9606      
    PUMP EFFICIENCY USED                                    0.75000     
    NET WORK REQUIRED  KW                                  12.9606      
    HEAD DEVELOPED M-KGF/KG                                 9.35078     
 
 BLOCK:  P-105    MODEL: PUMP             
 ---------------------------- 
   INLET STREAMS:         S-113       S-115    
   OUTLET STREAM:         S-136    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            551.019         551.019         0.00000     
       MASS(KG/HR   )            31202.6         31202.6        0.233184E-15 
       ENTHALPY(CAL/SEC )      -0.117521E+08   -0.117517E+08   -0.391232E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.00000     
    PUMP EFFICIENCY                                         0.75000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           455.924       
    PRESSURE CHANGE  BAR                                    1.90000     
    NPSH AVAILABLE   M-KGF/KG                              -0.077575    
    FLUID POWER  KW                                         1.44376     
    BRAKE POWER  KW                                         1.92501     
    ELECTRICITY  KW                                         1.92501     
    PUMP EFFICIENCY USED                                    0.75000     
    NET WORK REQUIRED  KW                                   1.92501     
    HEAD DEVELOPED M-KGF/KG                                16.9858      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-106    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-136    
   OUTLET STREAM:         S-137    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            551.019         551.019         0.00000     
       MASS(KG/HR   )            31202.6         31202.6         0.00000     
       ENTHALPY(CAL/SEC )      -0.117517E+08   -0.117452E+08   -0.552425E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   22.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           455.960       
    PRESSURE CHANGE  BAR                                   20.0000      
    NPSH AVAILABLE   M-KGF/KG                              16.9130      
    FLUID POWER  KW                                        15.1987      
    BRAKE POWER  KW                                        27.1804      
    ELECTRICITY  KW                                        27.1804      
    PUMP EFFICIENCY USED                                    0.55918     
    NET WORK REQUIRED  KW                                  27.1804      
    HEAD DEVELOPED M-KGF/KG                               178.812       
 
 BLOCK:  R-101    MODEL: RPLUG            
 ----------------------------- 
   INLET STREAM:          S-103    
   OUTLET STREAM:         S-104    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         1402.14       1402.14      0.874301E-13 -0.162161E-15 
   MASS(KG/HR   )         82280.8       82280.8                   -0.353714E-15 
   ENTHALPY(CAL/SEC )   -0.487655E+08 -0.487581E+08               -0.151364E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   REACTOR TYPE:   
     SPECIFIED TEMPERATURE        
     LIQUID FLUID PHASE           
   REACTOR TUBE LENGTH                  METER                18.450     
   REACTOR DIAMETER                     METER                1.0000     
   REACTOR RISE                         METER                0.0000     
   NUMBER OF REACTOR TUBES                                  85 
   REACTOR VOLUME                       L                   0.12317E+07 
   PRESSURE DROP OPTION:                                     FRICTIONAL CORRELATION         
   FRICTIONAL CORRELATION:                                   BEGGS-BRILL                    
   HOLDUP OPTION:                                            NO-SLIP                        
   ERROR TOLERANCE                                           0.10000E-03 
   INTEGRATION METHOD                                        GEAR 
   CORRECTOR METHOD                                          NEWTON 
   INITIAL STEP SIZE FACTOR                                  0.10000E-01 
   CORRECTOR TOLERANCE FACTOR                                0.10000     
   MAXIMUM NUMBER OF STEPS                                    1000 
 
   TEMPERATURE PROFILES: 
 
     RELATIVE LOCATION          TEMPERATURE 
            0.0000              60.000       C                
 
 
    REACTION PARAGRAPH            ID:  R-1            TYPE:  POWERLAW 
    GLOBAL BASES: 
    KBASIS                                                   MOLE-GAMMA   
    CBASIS                                                   MOLARITY     
    SBASIS                                                   GLOBAL   
 
    STOICHIOMETRY:          
 
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        FRUCTOSE    1.0000      GLUCOSE    -1.0000     
 
    REACTION NUMBER:          2 
      SUBSTREAM:  MIXED    
        FRUCTOSE   -1.0000      GLUCOSE     1.0000     
 
    REAC-DATA ENTRIES: 
 
      REACTION NO    TYPE     PHASE        DELT             BASIS 
                                              C    
 
          1        KINETIC      L        0.0000           MOLARITY     
          2        KINETIC      L        0.0000           MOLARITY     
 
 
    RATE PARAMETERS: 
 
      REACTION NO   PREEXP. FACTOR   ACT. ENERGY   TEMP. EXPONENT   REF. TEMP 
                                       CAL/MOL                      C        
 
          1           0.16310E-04      10733.         0.0000         25.000     
          2           0.19580E-04      2224.0         0.0000         25.000     
 
    POWERLAW EXPONENTS:     
 
    REACTION NUMBER:          1 
      SUBSTREAM:  MIXED    
        GLUCOSE     1.0000     
 
    REACTION NUMBER:          2 
      SUBSTREAM:  MIXED    
        FRUCTOSE    1.0000     
 
                           ***  RESULTS  *** 
 
    REACTOR DUTY                CAL/SEC                       7381.3     
    RESIDENCE TIME              HR                            3.9157     
    REACTOR MINIMUM TEMPERATURE C                            60.000     
    REACTOR MAXIMUM TEMPERATURE C                            60.000     
 
 
           *** RESULTS PROFILE (PROCESS STREAM) ***                          
 
       LENGTH        PRESSURE      TEMPERATURE   VAPOR FRAC    RES-TIME 
       METER         BAR           C                           HR           
 
        0.0000        1.0132        60.000        0.0000        0.0000     
        1.8450        1.0132        60.000        0.0000       0.39350     
        3.6900        1.0132        60.000        0.0000       0.78638     
        5.5350        1.0132        60.000        0.0000        1.1787     
        7.3800        1.0132        60.000        0.0000        1.5706     
        9.2250        1.0132        60.000        0.0000        1.9621     
        11.070        1.0132        60.000        0.0000        2.3533     
        12.915        1.0132        60.000        0.0000        2.7442     
        14.760        1.0132        60.000        0.0000        3.1349     
        16.605        1.0132        60.000        0.0000        3.5254     
        18.450        1.0132        60.000        0.0000        3.9157     
 
       LENGTH        DUTY          LIQUID HOLDUP 
       METER         CAL/SEC      
        0.0000        0.0000        1.0000     
        1.8450        30830.        1.0000     
        3.6900        56116.        1.0000     
        5.5350        76839.        1.0000     
        7.3800        93837.        1.0000     
        9.2250       0.10780E+06    1.0000     
        11.070       0.11928E+06    1.0000     
        12.915       0.12872E+06    1.0000     
        14.760       0.13648E+06    1.0000     
        16.605       0.14287E+06    1.0000     
        18.450       0.14812E+06    1.0000     
 
 
           ***  TOTAL MOLE FRACTION PROFILE (PROCESS STREAM) ***             
 
       LENGTH        H2O           FRUCTOSE      GLUCOSE  
       METER        
 
        0.0000       0.74919       0.11286       0.13795     
        1.8450       0.74919       0.12808       0.12273     
        3.6900       0.74919       0.14057       0.11023     
        5.5350       0.74919       0.15082       0.99987E-01 
        7.3800       0.74919       0.15923       0.91577E-01 
        9.2250       0.74919       0.16615       0.84663E-01 
        11.070       0.74919       0.17183       0.78977E-01 
        12.915       0.74919       0.17651       0.74302E-01 
        14.760       0.74919       0.18035       0.70455E-01 
        16.605       0.74919       0.18352       0.67290E-01 
        18.450       0.74919       0.18612       0.64686E-01 
 
 
           ***  TOTAL  MASS FRACTION PROFILE (PROCESS STREAM) ***            
 
       LENGTH        H2O           FRUCTOSE      GLUCOSE  
       METER        
 
        0.0000       0.23000       0.34650       0.42350     
        1.8450       0.23000       0.39322       0.37678     
        3.6900       0.23000       0.43157       0.33843     
        5.5350       0.23000       0.46303       0.30697     
        7.3800       0.23000       0.48885       0.28115     
        9.2250       0.23000       0.51008       0.25992     
        11.070       0.23000       0.52753       0.24247     
        12.915       0.23000       0.54189       0.22811     
        14.760       0.23000       0.55370       0.21630     
        16.605       0.23000       0.56342       0.20658     
        18.450       0.23000       0.57141       0.19859     
 
 BLOCK:  R-102    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          RXN-IN   
   OUTLET STREAM:         RXN-OUT  
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         3610.06       4342.71       732.648     -0.209430E-15 
   MASS(KG/HR   )         439181.       439181.                    0.170598E-06 
   ENTHALPY(CAL/SEC )   -0.112123E+09 -0.111810E+09               -0.279517E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     H2O        3.00    FRUCTOSE  -1.00    HMF        1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     H2O       -2.00    HMF       -1.00    FORMIC-0   1.00    LEVUL-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     HMF       -5.58    HUMINS     1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:FRUCTOSE CONV FRAC: 0.8000     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HMF      CONV FRAC: 0.1500E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:HMF      CONV FRAC: 0.5400E-01 
 
 
   HEAT OF REACTION SPECIFICATIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           CAL/MOL          
         1                FRUCTOSE          -7449.6     
         2                H2O               -11687.     
         3                HMF                19034.     
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 130.000       
   SPECIFIED PRESSURE    BAR                                 1.11458     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    130.00     
   OUTLET PRESSURE       BAR                                  1.1146     
   HEAT DUTY             CAL/SEC                            -0.21090E+06 
   VAPOR FRACTION                                            0.24849     
 
 
 
   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           CAL/MOL          
      1                   FRUCTOSE          -7449.6     
      2                   H2O               -11687.     
      3                   HMF                19034.     
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  253.64     
      2                  7.2313     
      3                  4.5975     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.41525        0.22348        0.99521         4.4532     
      FRUCTOSE         0.14602E-01    0.19430E-01    0.26136E-09    0.13452E-07 
      GLUCOSE          0.18071        0.24046        0.39738E-10    0.16526E-09 
      HMF              0.10344        0.13736        0.85522E-03    0.62260E-02 
      HUMINS           0.67367E-02    0.89642E-02    0.39777E-13    0.44372E-11 
      FORMIC-0         0.16698E-02    0.93311E-03    0.38977E-02     4.1771     
      LEVUL-01         0.25724E-02    0.34095E-02    0.40667E-04    0.11927E-01 
      HCL              0.17553E-03    0.23356E-03    0.43186E-07    0.18491E-03 
      EMIMCL           0.27484        0.36572        0.40210E-09    0.10995E-08 
      O2               0.58986E-11    0.26696E-15    0.23737E-10     88915.     
      N2               0.16630E-10    0.48221E-15    0.66921E-10    0.13878E+06 
 
 BLOCK:  R-102A   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          RXN-OUT  
   OUTLET VAPOR STREAM:   S-108    
   OUTLET LIQUID STREAM:  S-109    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            4342.71         4342.71         0.00000     
       MASS(KG/HR   )            439181.         439181.       -0.530147E-15 
       ENTHALPY(CAL/SEC )      -0.111810E+09   -0.111810E+09    0.415613E-06 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 1.11458     
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    130.00     
   OUTLET PRESSURE       BAR                                  1.1146     
   VAPOR FRACTION                                            0.24849     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.41525        0.22349        0.99521         4.4531     
      FRUCTOSE         0.14602E-01    0.19430E-01    0.26135E-09    0.13451E-07 
      GLUCOSE          0.18071        0.24046        0.39738E-10    0.16526E-09 
      HMF              0.10344        0.13736        0.85521E-03    0.62259E-02 
      HUMINS           0.67367E-02    0.89642E-02    0.39775E-13    0.44370E-11 
      FORMIC-0         0.16698E-02    0.93312E-03    0.38977E-02     4.1770     
      LEVUL-01         0.25724E-02    0.34095E-02    0.40666E-04    0.11927E-01 
      HCL              0.17553E-03    0.23355E-03    0.43183E-07    0.18489E-03 
      EMIMCL           0.27484        0.36572        0.40210E-09    0.10995E-08 
      O2               0.58986E-11    0.26697E-15    0.23737E-10     88914.     
      N2               0.16630E-10    0.48221E-15    0.66922E-10    0.13878E+06 
 
 BLOCK:  S-101    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAMS:         AIRLEAK     S-112       S-111    
   OUTLET VAPOR STREAM:   S-114    
   OUTLET LIQUID STREAM:  S-117    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            4321.28         4321.28         0.00000     
       MASS(KG/HR   )            438706.         438706.       -0.796082E-15 
       ENTHALPY(CAL/SEC )      -0.110024E+09   -0.104191E+09   -0.530218E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 200.000       
   SPECIFIED PRESSURE    BAR                                 0.100000    
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    200.00     
   OUTLET PRESSURE       BAR                                 0.10000     
   HEAT DUTY             CAL/SEC                             0.58337E+07 
   VAPOR FRACTION                                            0.45823     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      H2O              0.41252        0.30761E-02    0.89661         291.48     
      FRUCTOSE         0.14674E-01    0.27084E-01    0.15179E-05    0.56045E-04 
      GLUCOSE          0.18161        0.33521        0.10906E-08    0.32535E-08 
      HMF              0.10377        0.11033        0.96016E-01    0.87025     
      HUMINS           0.67701E-02    0.12496E-01    0.13840E-08    0.11075E-06 
      FORMIC-0         0.16563E-02    0.96917E-05    0.36030E-02     371.76     
      LEVUL-01         0.25786E-02    0.19028E-02    0.33776E-02     1.7751     
      HCL              0.17640E-03    0.61921E-04    0.31175E-03     5.0346     
      EMIMCL           0.27621        0.50983        0.72599E-08    0.14240E-07 
      O2               0.76405E-05    0.12371E-10    0.16674E-04    0.13478E+07 
      N2               0.28743E-04    0.34878E-10    0.62725E-04    0.17984E+07 
  
 
 AIR2 AIRLEAK RXN-IN RXN-OUT S-102        
 --------------------------------- 
 
 STREAM ID               AIR2       AIRLEAK    RXN-IN     RXN-OUT    S-102    
 FROM :                  ----       ----       M-104      R-102      ----     
 TO   :                  M-105      S-101      R-102      R-102A     E-101    
 
 
 CONV. MAX. REL. ERR:     0.0        0.0     1.8638-05     0.0        0.0    
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      MIXED      MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.0        0.0     1056.8433  1803.3048  1050.4739 
   FRUCTOSE               0.0        0.0      317.0517    63.4103   158.2519 
   GLUCOSE                0.0        0.0      784.7738   784.7738   193.4190 
   HMF                    0.0        0.0      228.4470   449.2147     0.0    
   HUMINS                 0.0        0.0       24.6580    29.2555     0.0    
   FORMIC-0               0.0        0.0     2.0067-02     7.2514     0.0    
   LEVUL-01               0.0        0.0        3.9398    11.1711     0.0    
   HCL                    0.0        0.0        0.7623     0.7623     0.0    
   EMIMCL                 0.0        0.0     1193.5655  1193.5655     0.0    
   O2                  3.3017-02  3.3017-02  2.5616-08  2.5616-08     0.0    
   N2                     0.1242     0.1242  7.2217-08  7.2217-08     0.0    
 TOTAL FLOW:      
   KMOL/HR                0.1572     0.1572  3610.0614  4342.7096  1402.1448 
   KG/HR                  4.5359     4.5359  4.3918+05  4.3918+05  8.2281+04 
   L/MIN                 64.1074    64.1074  4.2378+05  5.4726+05  1015.7725 
 STATE VARIABLES: 
   TEMP   C              25.0000    25.0000   147.0977   130.0000    25.0000 
   PRES   BAR             1.0133     1.0133     1.0132     1.1146     1.1146 
   VFRAC                  1.0000     1.0000     0.2011     0.2485     0.0    
   LFRAC                  0.0        0.0        0.7989     0.7515     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.8685-13 -1.8685-13 -1.1181+05 -9.2687+04 -1.2694+05 
   CAL/GM             -6.4766-15 -6.4766-15  -919.0810  -916.5121 -2163.1282 
   CAL/SEC            -8.1603-15 -8.1603-15 -1.1212+08 -1.1181+08 -4.9440+07 
 ENTROPY:         
   CAL/MOL-K              1.0206     1.0206  -124.5850  -102.7435   -99.8458 
   CAL/GM-K            3.5377-02  3.5377-02    -1.0241    -1.0159    -1.7015 
 DENSITY:         
   MOL/CC              4.0875-05  4.0875-05  1.4198-04  1.3226-04  2.3006-02 
   GM/CC               1.1793-03  1.1793-03  1.7272-02  1.3375-02     1.3501 
 AVG MW                  28.8504    28.8504   121.6548   101.1307    58.6821 
 
 S-103 S-104 S-105 S-107 S-108            
 ----------------------------- 
 
 STREAM ID               S-103      S-104      S-105      S-107      S-108    
 FROM :                  E-101      R-101      E-102      ----       R-102A   
 TO   :                  R-101      E-102      M-104      E-111      E-107    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1050.4739  1050.4739  1050.4739     0.0     1073.9383 
   FRUCTOSE             158.2519   260.9720   260.9720     0.0     2.8203-07 
   GLUCOSE              193.4190    90.6989    90.6989     0.0     4.2882-08 
   HMF                    0.0        0.0        0.0        0.0        0.9229 
   HUMINS                 0.0        0.0        0.0        0.0     4.2921-11 
   FORMIC-0               0.0        0.0        0.0        0.0        4.2061 
   LEVUL-01               0.0        0.0        0.0        0.0     4.3883-02 
   HCL                    0.0        0.0        0.0        0.6341  4.6599-05 
   EMIMCL                 0.0        0.0        0.0      137.9336  4.3391-07 
   O2                     0.0        0.0        0.0        0.0     2.5615-08 
   N2                     0.0        0.0        0.0        0.0     7.2216-08 
 TOTAL FLOW:      
   KMOL/HR             1402.1448  1402.1448  1402.1448   138.5677  1079.1111 
   KG/HR               8.2281+04  8.2281+04  8.2281+04  2.0247+04  1.9662+04 
   L/MIN               1049.6605  1051.9658  1083.4177   238.9591  5.4088+05 
 STATE VARIABLES: 
   TEMP   C              69.0000    60.0000   101.6000    25.0000   129.9998 
   PRES   BAR             1.1146     1.0132     1.0132     1.0133     1.1146 
   VFRAC                  0.0        0.0        0.0        0.0        1.0000 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.2521+05 -1.2519+05 -1.2359+05  2634.8218 -5.7046+04 
   CAL/GM             -2133.6192 -2133.2962 -2106.0725    18.0325 -3130.8218 
   CAL/SEC            -4.8766+07 -4.8758+07 -4.8136+07  1.0142+05 -1.7100+07 
 ENTROPY:         
   CAL/MOL-K            -91.7536   -93.1360   -87.6629  -142.3736    -8.3887 
   CAL/GM-K              -1.5636    -1.5871    -1.4939    -0.9744    -0.4604 
 DENSITY:         
   MOL/CC              2.2263-02  2.2215-02  2.1570-02  9.6647-03  3.3252-05 
   GM/CC                  1.3065     1.3036     1.2658     1.4122  6.0588-04 
 AVG MW                  58.6821    58.6821    58.6821   146.1154    18.2209 
 
 S-108A S-109 S-110 S-111 S-112           
 ------------------------------ 
 
 STREAM ID               S-108A     S-109      S-110      S-111      S-112    
 FROM :                  E-107      R-102A     E-105      E-108      E-107A   
 TO   :                  E-107A     E-105      E-108      S-101      S-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     MIXED      MIXED      VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1073.9383   729.3665   729.3665   729.3665  1053.2689 
   FRUCTOSE            2.8203-07    63.4103    63.4103    63.4103  3.2421-14 
   GLUCOSE             4.2882-08   784.7738   784.7738   784.7738  2.1206-15 
   HMF                    0.9229   448.2919   448.2919   448.2919     0.1325 
   HUMINS              4.2921-11    29.2555    29.2555    29.2555  8.4791-16 
   FORMIC-0               4.2061     3.0453     3.0453     3.0453     4.1119 
   LEVUL-01            4.3883-02    11.1272    11.1272    11.1272  1.5551-02 
   HCL                 4.6599-05     0.7622     0.7622     0.7622  4.6594-05 
   EMIMCL              4.3391-07  1193.5655  1193.5655  1193.5655  3.9376-14 
   O2                  2.5615-08  8.7127-13  8.7127-13  8.7127-13  2.5615-08 
   N2                  7.2216-08  1.5738-12  1.5738-12  1.5738-12  7.2215-08 
 TOTAL FLOW:      
   KMOL/HR             1079.1111  3263.5984  3263.5984  3263.5984  1057.5289 
   KG/HR               1.9662+04  4.1952+05  4.1952+05  4.1952+05  1.9183+04 
   L/MIN               4.9563+05  6379.3012  7.9997+04  1.6337+05  4.9562+05 
 STATE VARIABLES: 
   TEMP   C             103.8072   129.9998   134.4668   141.9668   103.8072 
   PRES   BAR             1.1146     1.1146     1.1146     1.1146     1.1146 
   VFRAC                  0.9800     0.0     4.4504-02  9.3180-02     1.0000 
   LFRAC               2.0000-02     1.0000     0.9555     0.9068     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.7461+04 -1.0447+05 -1.0376+05 -1.0281+05 -5.7250+04 
   CAL/GM             -3153.5705  -812.7304  -807.2253  -799.8304 -3156.1426 
   CAL/SEC            -1.7224+07 -9.4710+07 -9.4068+07 -9.3207+07 -1.6818+07 
 ENTROPY:         
   CAL/MOL-K             -9.4675  -133.9420  -131.8008  -128.8504    -8.9049 
   CAL/GM-K              -0.5196    -1.0420    -1.0253    -1.0024    -0.4909 
 DENSITY:         
   MOL/CC              3.6287-05  8.5265-03  6.7995-04  3.3295-04  3.5562-05 
   GM/CC               6.6119-04     1.0960  8.7403-02  4.2799-02  6.4507-04 
 AVG MW                  18.2209   128.5448   128.5448   128.5448    18.1392 
 
 S-113 S-114 S-114A S-115 S-116           
 ------------------------------ 
 
 STREAM ID               S-113      S-114      S-114A     S-115      S-116    
 FROM :                  E-107A     S-101      E-109      E-109A     M-105    
 TO   :                  P-105      E-109      E-109A     P-105      C-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      MIXED      LIQUID     MIXED   
 COMPONENTS: KMOL/HR          
   H2O                   20.6694  1775.4339  1775.4339   331.6035  1443.8363 
   FRUCTOSE            2.8203-07  3.0058-03  3.0058-03  3.0058-03  8.6362-14 
   GLUCOSE             4.2882-08  2.1596-06  2.1596-06  2.1596-06  2.4108-14 
   HMF                    0.7904   190.1267   190.1267   189.5014     0.6253 
   HUMINS              4.2921-11  2.7405-06  2.7405-06  2.7405-06  1.6476-18 
   FORMIC-0            9.4137-02     7.1346     7.1346     1.6689     5.4656 
   LEVUL-01            2.8332-02     6.6882     6.6882     6.6597  2.8441-02 
   HCL                 4.5257-09     0.6173     0.6173  3.5210-04     0.6170 
   EMIMCL              4.3391-07  1.4376-05  1.4376-05  1.4376-05  7.4044-13 
   O2                  4.1454-13  3.3017-02  3.3017-02  1.8029-06  6.6032-02 
   N2                  1.0348-12     0.1242     0.1242  5.6525-06     0.2484 
 TOTAL FLOW:      
   KMOL/HR               21.5822  1980.1609  1980.1609   529.4369  1450.8870 
   KG/HR                479.6619  5.7095+04  5.7095+04  3.0723+04  2.6376+04 
   L/MIN                  8.4104  1.2983+07  6.5570+06   447.8321  6.5573+06 
 STATE VARIABLES: 
   TEMP   C             103.8072   200.0000    53.0000    53.0000    52.9975 
   PRES   BAR             1.1146     0.1000     0.1000     0.1000     0.1000 
   VFRAC                  0.0        1.0000     0.7326     0.0        1.0000 
   LFRAC                  1.0000     0.0        0.2674     1.0000  8.7883-08 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.7802+04 -5.7561+04 -6.2856+04 -7.7147+04 -5.7635+04 
   CAL/GM             -3050.7094 -1996.3228 -2179.9877 -1329.4409 -3170.3258 
   CAL/SEC            -4.0647+05 -3.1661+07 -3.4574+07 -1.1346+07 -2.3228+07 
 ENTROPY:         
   CAL/MOL-K            -37.0361    -6.9241   -21.3619   -65.4009    -5.2869 
   CAL/GM-K              -1.6664    -0.2401    -0.7409    -1.1270    -0.2908 
 DENSITY:         
   MOL/CC              4.2769-02  2.5420-06  5.0332-06  1.9704-02  3.6877-06 
   GM/CC                  0.9505  7.3294-05  1.4512-04     1.1434  6.7041-05 
 AVG MW                  22.2249    28.8334    28.8334    58.0295    18.1795 
 
 S-116A S-117 S-118 S-119 S-120           
 ------------------------------ 
 
 STREAM ID               S-116A     S-117      S-118      S-119      S-120    
 FROM :                  E-109A     S-101      P-104      M-103      M-103    
 TO   :                  M-105      P-104      M-103      M-101      E-105    
 
 
 CONV. MAX. REL. ERR: -3.3606-05     0.0        0.0        0.0     5.1080-05 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363     7.2015     7.2015     6.0349     1.1666 
   FRUCTOSE            8.6362-14    63.4073    63.4073    53.1354    10.2720 
   GLUCOSE             2.4108-14   784.7738   784.7738   657.6405   127.1338 
   HMF                    0.6253   258.2977   258.2977   216.4535    41.8434 
   HUMINS              1.6476-18    29.2555    29.2555    24.5161     4.7393 
   FORMIC-0               5.4656  2.2689-02  2.2689-02  1.9014-02  3.6756-03 
   LEVUL-01            2.8441-02     4.4546     4.4546     3.7330     0.7216 
   HCL                    0.6170     0.1450     0.1450     0.1215  2.3483-02 
   EMIMCL              7.4044-13  1193.5655  1193.5655  1000.2079   193.3576 
   O2                  3.3015-02  2.8963-08  2.8963-08  2.4271-08  4.6920-09 
   N2                     0.1242  8.1654-08  8.1654-08  6.8426-08  1.3228-08 
 TOTAL FLOW:      
   KMOL/HR             1450.7298  2341.1237  2341.1237  1961.8616   379.2616 
   KG/HR               2.6372+04  3.8161+05  3.8161+05  3.1979+05  6.1821+04 
   L/MIN               6.5566+06  6386.2936  6386.6571  5352.0193  1034.6375 
 STATE VARIABLES: 
   TEMP   C              53.0000   200.0000   200.0522   200.0523   200.0523 
   PRES   BAR             0.1000     0.1000     1.0133     1.0133     1.0133 
   VFRAC                  1.0000     0.0        0.0        0.0        0.0    
   LFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.7641+04 -1.1153+05 -1.1153+05 -1.1153+05 -1.1153+05 
   CAL/GM             -3170.8711  -684.2210  -684.1918  -684.1918  -684.2255 
   CAL/SEC            -2.3228+07 -7.2530+07 -7.2526+07 -6.0777+07 -1.1750+07 
 ENTROPY:         
   CAL/MOL-K             -5.2900  -148.2521  -148.2378  -148.2377  -148.2378 
   CAL/GM-K              -0.2910    -0.9095    -0.9094    -0.9094    -0.9094 
 DENSITY:         
   MOL/CC              3.6877-06  6.1098-03  6.1094-03  6.1094-03  6.1094-03 
   GM/CC               6.7036-05     0.9959     0.9959     0.9959     0.9959 
 AVG MW                  18.1783   163.0035   163.0035   163.0035   163.0035 
 
 S-121 S-122 S-123 S-124 S-125            
 ----------------------------- 
 
 STREAM ID               S-121      S-122      S-123      S-124      S-125    
 FROM :                  E-105      E-104      E-106      F-101      F-101    
 TO   :                  E-104      E-106      F-101      M-102      M-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1666     1.1666     1.1666     1.1147  5.1956-02 
   FRUCTOSE              10.2720    10.2720    10.2720     9.8145     0.4575 
   GLUCOSE              127.1338   127.1338   127.1338   121.4720     5.6618 
   HMF                   41.8434    41.8434    41.8434    39.9800     1.8635 
   HUMINS                 4.7393     4.7393     4.7393     0.4739     4.2654 
   FORMIC-0            3.6756-03  3.6756-03  3.6756-03  3.5119-03  1.6369-04 
   LEVUL-01               0.7216     0.7216     0.7216     0.6895  3.2138-02 
   HCL                 2.3483-02  2.3483-02  2.3483-02  2.2437-02  1.0458-03 
   EMIMCL               193.3576   193.3576   193.3576   184.7466     8.6110 
   O2                  4.6920-09  4.6920-09  4.6920-09  4.4831-09  2.0895-10 
   N2                  1.3228-08  1.3228-08  1.3228-08  1.2639-08  5.8909-10 
 TOTAL FLOW:      
   KMOL/HR              379.2616   379.2616   379.2616   358.3172    20.9444 
   KG/HR               6.1821+04  6.1821+04  6.1821+04  5.6216+04  5604.7998 
   L/MIN                965.8271   960.3778   902.0655   753.7379   114.0562 
 STATE VARIABLES: 
   TEMP   C             131.0000   124.7788    50.0000    50.0000    50.0000 
   PRES   BAR             1.0133     1.0133     1.0133     1.0133     1.0133 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.1762+05 -1.1815+05 -1.2408+05 -1.2093+05 -1.7747+05 
   CAL/GM              -721.5831  -724.8106  -761.2045  -770.8039  -663.1734 
   CAL/SEC            -1.2391+07 -1.2447+07 -1.3072+07 -1.2037+07 -1.0325+06 
 ENTROPY:         
   CAL/MOL-K           -169.0734  -171.1694  -200.2159  -185.4352  -453.2625 
   CAL/GM-K              -1.0372    -1.0501    -1.2283    -1.1819    -1.6938 
 DENSITY:         
   MOL/CC              6.5447-03  6.5818-03  7.0073-03  7.9231-03  3.0605-03 
   GM/CC                  1.0668     1.0729     1.1422     1.2431     0.8190 
 AVG MW                 163.0035   163.0035   163.0035   156.8894   267.6037 
 
 S-126 S-127 S-128 S-129 S-130            
 ----------------------------- 
 
 STREAM ID               S-126      S-127      S-128      S-129      S-130    
 FROM :                  M-102      M-102      M-106      E-103      M-101    
 TO   :                  M-106      E-103      ----       M-101      M-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.7803     0.3344     0.8322     0.3344     6.3693 
   FRUCTOSE               6.8702     2.9444     7.3276     2.9444    56.0797 
   GLUCOSE               85.0304    36.4416    90.6922    36.4416   694.0821 
   HMF                   27.9860    11.9940    29.8494    11.9940   228.4474 
   HUMINS                 0.3318     0.1422     4.5972     0.1422    24.6583 
   FORMIC-0            2.4584-03  1.0536-03  2.6220-03  1.0536-03  2.0067-02 
   LEVUL-01               0.4827     0.2069     0.5148     0.2069     3.9398 
   HCL                 1.5706-02  6.7312-03  1.6752-02  6.7312-03     0.1282 
   EMIMCL               129.3226    55.4240   137.9336    55.4240  1055.6319 
   O2                  3.1381-09  1.3449-09  3.3471-09  1.3449-09  2.5616-08 
   N2                  8.8472-09  3.7916-09  9.4363-09  3.7916-09  7.2218-08 
 TOTAL FLOW:      
   KMOL/HR              250.8220   107.4952   271.7665   107.4952  2069.3568 
   KG/HR               3.9351+04  1.6865+04  4.4956+04  1.6865+04  3.3666+05 
   L/MIN                527.6165   226.1214   675.0965   235.5588  5583.1874 
 STATE VARIABLES: 
   TEMP   C              50.0000    50.0000    50.4562   101.6000   195.4095 
   PRES   BAR             1.0133     1.0133     1.0133     1.0133     1.0133 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.2093+05 -1.2093+05 -1.2529+05 -1.1712+05 -1.1182+05 
   CAL/GM              -770.8039  -770.8039  -757.3853  -746.4908  -687.3127 
   CAL/SEC            -8.4256+06 -3.6110+06 -9.4581+06 -3.4971+06 -6.4274+07 
 ENTROPY:         
   CAL/MOL-K           -185.4352  -185.4352  -205.8593  -165.5170  -148.8678 
   CAL/GM-K              -1.1819    -1.1819    -1.2445    -1.0550    -0.9151 
 DENSITY:         
   MOL/CC              7.9231-03  7.9231-03  6.7093-03  7.6057-03  6.1773-03 
   GM/CC                  1.2431     1.2431     1.1099     1.1933     1.0050 
 AVG MW                 156.8894   156.8894   165.4219   156.8894   162.6858 
 
 S-131 S-132 S-133 S-134 S-136            
 ----------------------------- 
 
 STREAM ID               S-131      S-132      S-133      S-134      S-136    
 FROM :                  E-111      E-104      C-101      E-108      P-105    
 TO   :                  E-104      M-104      E-108      E-110      P-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      VAPOR      VAPOR      LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.0        0.0     1443.8363  1443.8363   352.2729 
   FRUCTOSE               0.0        0.0     8.6362-14  8.6362-14  3.0061-03 
   GLUCOSE                0.0        0.0     2.4108-14  2.4108-14  2.2025-06 
   HMF                    0.0        0.0        0.6253     0.6253   190.2918 
   HUMINS                 0.0        0.0     1.6476-18  1.6476-18  2.7405-06 
   FORMIC-0               0.0        0.0        5.4656     5.4656     1.7631 
   LEVUL-01               0.0        0.0     2.8441-02  2.8441-02     6.6881 
   HCL                    0.6341     0.6341     0.6170     0.6170  3.5210-04 
   EMIMCL               137.9336   137.9336  7.4044-13  7.4044-13  1.4810-05 
   O2                     0.0        0.0     6.6032-02  6.6032-02  1.8029-06 
   N2                     0.0        0.0        0.2484     0.2484  5.6525-06 
 TOTAL FLOW:      
   KMOL/HR              138.5677   138.5677  1450.8870  1450.8870   551.0192 
   KG/HR               2.0247+04  2.0247+04  2.6376+04  2.6376+04  3.1203+04 
   L/MIN                420.3993   491.2890  1.3323+06  8.9302+05   455.9604 
 STATE VARIABLES: 
   TEMP   C             101.6000   130.0000   465.4637   221.9152    54.4035 
   PRES   BAR             1.0133     1.0133     1.1146     1.1146     2.0000 
   VFRAC               2.3156-03  2.9834-03     1.0000     1.0000     0.0    
   LFRAC                  0.9977     0.9970     0.0        0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL             6009.4707  7449.3981 -5.4104+04 -5.6242+04 -7.6778+04 
   CAL/GM                41.1282    50.9830 -2976.1131 -3093.7297 -1355.8480 
   CAL/SEC             2.3131+05  2.8674+05 -2.1805+07 -2.2667+07 -1.1752+07 
 ENTROPY:         
   CAL/MOL-K           -123.7573  -117.7983    -3.1365    -6.6399   -64.2363 
   CAL/GM-K              -0.8470    -0.8062    -0.1725    -0.3652    -1.1344 
 DENSITY:         
   MOL/CC              5.4935-03  4.7008-03  1.8149-05  2.7078-05  2.0141-02 
   GM/CC                  0.8027     0.6869  3.2995-04  4.9227-04     1.1405 
 AVG MW                 146.1154   146.1154    18.1795    18.1795    56.6271 
 
 S-137 S-138 S-139 S-140 S-141            
 ----------------------------- 
 
 STREAM ID               S-137      S-138      S-139      S-140      S-141    
 FROM :                  P-106      E-110      E-110      E-111      E-101    
 TO   :                  E-110      ----       E-111      E-101      E-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      MIXED      MIXED   
 COMPONENTS: KMOL/HR          
   H2O                  352.2729   352.2729  1443.8363  1443.8363  1443.8363 
   FRUCTOSE            3.0061-03  3.0061-03  8.6362-14  8.6362-14  8.6362-14 
   GLUCOSE             2.2025-06  2.2025-06  2.4108-14  2.4108-14  2.4108-14 
   HMF                  190.2918   190.2918     0.6253     0.6253     0.6253 
   HUMINS              2.7405-06  2.7405-06  1.6476-18  1.6476-18  1.6476-18 
   FORMIC-0               1.7631     1.7631     5.4656     5.4656     5.4656 
   LEVUL-01               6.6881     6.6881  2.8441-02  2.8441-02  2.8441-02 
   HCL                 3.5210-04  3.5210-04     0.6170     0.6170     0.6170 
   EMIMCL              1.4810-05  1.4810-05  7.4044-13  7.4044-13  7.4044-13 
   O2                  1.8029-06  1.8029-06  6.6032-02  6.6032-02  6.6032-02 
   N2                  5.6525-06  5.6525-06     0.2484     0.2484     0.2484 
 TOTAL FLOW:      
   KMOL/HR              551.0192   551.0192  1450.8870  1450.8870  1450.8870 
   KG/HR               3.1203+04  3.1203+04  2.6376+04  2.6376+04  2.6376+04 
   L/MIN                456.4794   513.9017  6.3236+05  6.0971+05  4.9240+05 
 STATE VARIABLES: 
   TEMP   C              55.7613   180.0000   102.8863   102.8284   102.7469 
   PRES   BAR            22.0000    22.0000     1.1146     1.1146     1.1146 
   VFRAC                  0.0        0.0        0.9322     0.8989     0.7260 
   LFRAC                  1.0000     1.0000  6.7796-02     0.1011     0.2740 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -7.6735+04 -7.2400+04 -5.7889+04 -5.8211+04 -5.9885+04 
   CAL/GM             -1355.0990 -1278.5315 -3184.3072 -3202.0358 -3294.0887 
   CAL/SEC            -1.1745+07 -1.1082+07 -2.3331+07 -2.3461+07 -2.4135+07 
 ENTROPY:         
   CAL/MOL-K            -64.0894   -52.2143   -10.6707   -11.5278   -15.9794 
   CAL/GM-K              -1.1318    -0.9221    -0.5870    -0.6341    -0.8790 
 DENSITY:         
   MOL/CC              2.0118-02  1.7870-02  3.8240-05  3.9660-05  4.9109-05 
   GM/CC                  1.1392     1.0120  6.9518-04  7.2100-04  8.9279-04 
 AVG MW                  56.6271    56.6271    18.1795    18.1795    18.1795 
 
 S-142 S-143 S-144                        
 ----------------- 
 
 STREAM ID               S-142      S-143      S-144    
 FROM :                  E-102      E-103      E-112    
 TO   :                  E-103      E-112      ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363  1443.8363  1443.8363 
   FRUCTOSE            8.6362-14  8.6362-14  8.6362-14 
   GLUCOSE             2.4108-14  2.4108-14  2.4108-14 
   HMF                    0.6253     0.6253     0.6253 
   HUMINS              1.6476-18  1.6476-18  1.6476-18 
   FORMIC-0               5.4656     5.4656     5.4656 
   LEVUL-01            2.8441-02  2.8441-02  2.8441-02 
   HCL                    0.6170     0.6170     0.6170 
   EMIMCL              7.4044-13  7.4044-13  7.4044-13 
   O2                  6.6032-02  6.6032-02  6.6032-02 
   N2                     0.2484     0.2484     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870  1450.8870  1450.8870 
   KG/HR               2.6376+04  2.6376+04  2.6376+04 
   L/MIN               3.8424+05  3.6445+05   449.5146 
 STATE VARIABLES: 
   TEMP   C             102.7227   102.7191    40.0000 
   PRES   BAR             1.1146     1.1146     1.1146 
   VFRAC                  0.5664     0.5372     0.0    
   LFRAC                  0.4336     0.4628     1.0000 
   SFRAC                  0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.1429+04 -6.1711+04 -6.8080+04 
   CAL/GM             -3379.0127 -3394.5583 -3744.8972 
   CAL/SEC            -2.4757+07 -2.4871+07 -2.7438+07 
 ENTROPY:         
   CAL/MOL-K            -20.0867   -20.8386   -38.0390 
   CAL/GM-K              -1.1049    -1.1463    -2.0924 
 DENSITY:         
   MOL/CC              6.2933-05  6.6351-05  5.3795-02 
   GM/CC               1.1441-03  1.2062-03     0.9780 
 AVG MW                  18.1795    18.1795    18.1795 
 
 AIR2                                     
 ---- 
 
 STREAM ID               AIR2     
 FROM :                  ----     
 TO   :                  M-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                    0.0    
   FRUCTOSE               0.0    
   GLUCOSE                0.0    
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                  3.3017-02 
   N2                     0.1242 
 TOTAL FLOW:      
   KMOL/HR                0.1572 
   KG/HR                  4.5359 
   L/MIN                 64.1074 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.8685-13 
   CAL/GM             -6.4766-15 
   CAL/SEC            -8.1603-15 
 ENTROPY:         
   CAL/MOL-K              1.0206 
   CAL/GM-K            3.5377-02 
 DENSITY:         
   MOL/CC              4.0875-05 
   GM/CC               1.1793-03 
 AVG MW                  28.8504 
 
 AIRLEAK                                  
 ------- 
 
 STREAM ID               AIRLEAK  
 FROM :                  ----     
 TO   :                  S-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                    0.0    
   FRUCTOSE               0.0    
   GLUCOSE                0.0    
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                  3.3017-02 
   N2                     0.1242 
 TOTAL FLOW:      
   KMOL/HR                0.1572 
   KG/HR                  4.5359 
   L/MIN                 64.1074 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.8685-13 
   CAL/GM             -6.4766-15 
   CAL/SEC            -8.1603-15 
 ENTROPY:         
   CAL/MOL-K              1.0206 
   CAL/GM-K            3.5377-02 
 DENSITY:         
   MOL/CC              4.0875-05 
   GM/CC               1.1793-03 
 AVG MW                  28.8504 
 
 RXN-IN                                   
 ------ 
 
 STREAM ID               RXN-IN   
 FROM :                  M-104    
 TO   :                  R-102    
 
 
 CONV. MAX. REL. ERR:  1.8638-05 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1056.8433 
   FRUCTOSE             317.0517 
   GLUCOSE              784.7738 
   HMF                  228.4470 
   HUMINS                24.6580 
   FORMIC-0            2.0067-02 
   LEVUL-01               3.9398 
   HCL                    0.7623 
   EMIMCL              1193.5655 
   O2                  2.5616-08 
   N2                  7.2217-08 
 TOTAL FLOW:      
   KMOL/HR             3610.0614 
   KG/HR               4.3918+05 
   L/MIN               4.2378+05 
 STATE VARIABLES: 
   TEMP   C             147.0977 
   PRES   BAR             1.0132 
   VFRAC                  0.2011 
   LFRAC                  0.7989 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1181+05 
   CAL/GM              -919.0810 
   CAL/SEC            -1.1212+08 
 ENTROPY:         
   CAL/MOL-K           -124.5850 
   CAL/GM-K              -1.0241 
 DENSITY:         
   MOL/CC              1.4198-04 
   GM/CC               1.7272-02 
 AVG MW                 121.6548 
 
 RXN-OUT                                  
 ------- 
 
 STREAM ID               RXN-OUT  
 FROM :                  R-102    
 TO   :                  R-102A   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1803.3048 
   FRUCTOSE              63.4103 
   GLUCOSE              784.7738 
   HMF                  449.2147 
   HUMINS                29.2555 
   FORMIC-0               7.2514 
   LEVUL-01              11.1711 
   HCL                    0.7623 
   EMIMCL              1193.5655 
   O2                  2.5616-08 
   N2                  7.2217-08 
 TOTAL FLOW:      
   KMOL/HR             4342.7096 
   KG/HR               4.3918+05 
   L/MIN               5.4726+05 
 STATE VARIABLES: 
   TEMP   C             130.0000 
   PRES   BAR             1.1146 
   VFRAC                  0.2485 
   LFRAC                  0.7515 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.2687+04 
   CAL/GM              -916.5121 
   CAL/SEC            -1.1181+08 
 ENTROPY:         
   CAL/MOL-K           -102.7435 
   CAL/GM-K              -1.0159 
 DENSITY:         
   MOL/CC              1.3226-04 
   GM/CC               1.3375-02 
 AVG MW                 101.1307 
 
 S-102                                    
 ----- 
 
 STREAM ID               S-102    
 FROM :                  ----     
 TO   :                  E-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1050.4739 
   FRUCTOSE             158.2519 
   GLUCOSE              193.4190 
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR             1402.1448 
   KG/HR               8.2281+04 
   L/MIN               1015.7725 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.1146 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2694+05 
   CAL/GM             -2163.1282 
   CAL/SEC            -4.9440+07 
 ENTROPY:         
   CAL/MOL-K            -99.8458 
   CAL/GM-K              -1.7015 
 DENSITY:         
   MOL/CC              2.3006-02 
   GM/CC                  1.3501 
 AVG MW                  58.6821 
 
 S-103                                    
 ----- 
 
 STREAM ID               S-103    
 FROM :                  E-101    
 TO   :                  R-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1050.4739 
   FRUCTOSE             158.2519 
   GLUCOSE              193.4190 
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR             1402.1448 
   KG/HR               8.2281+04 
   L/MIN               1049.6605 
 STATE VARIABLES: 
   TEMP   C              69.0000 
   PRES   BAR             1.1146 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2521+05 
   CAL/GM             -2133.6192 
   CAL/SEC            -4.8766+07 
 ENTROPY:         
   CAL/MOL-K            -91.7536 
   CAL/GM-K              -1.5636 
 DENSITY:         
   MOL/CC              2.2263-02 
   GM/CC                  1.3065 
 AVG MW                  58.6821 
 
 S-104                                    
 ----- 
 
 STREAM ID               S-104    
 FROM :                  R-101    
 TO   :                  E-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1050.4739 
   FRUCTOSE             260.9720 
   GLUCOSE               90.6989 
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR             1402.1448 
   KG/HR               8.2281+04 
   L/MIN               1051.9658 
 STATE VARIABLES: 
   TEMP   C              60.0000 
   PRES   BAR             1.0132 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2519+05 
   CAL/GM             -2133.2962 
   CAL/SEC            -4.8758+07 
 ENTROPY:         
   CAL/MOL-K            -93.1360 
   CAL/GM-K              -1.5871 
 DENSITY:         
   MOL/CC              2.2215-02 
   GM/CC                  1.3036 
 AVG MW                  58.6821 
 
 S-105                                    
 ----- 
 
 STREAM ID               S-105    
 FROM :                  E-102    
 TO   :                  M-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1050.4739 
   FRUCTOSE             260.9720 
   GLUCOSE               90.6989 
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.0    
   EMIMCL                 0.0    
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR             1402.1448 
   KG/HR               8.2281+04 
   L/MIN               1083.4177 
 STATE VARIABLES: 
   TEMP   C             101.6000 
   PRES   BAR             1.0132 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2359+05 
   CAL/GM             -2106.0725 
   CAL/SEC            -4.8136+07 
 ENTROPY:         
   CAL/MOL-K            -87.6629 
   CAL/GM-K              -1.4939 
 DENSITY:         
   MOL/CC              2.1570-02 
   GM/CC                  1.2658 
 AVG MW                  58.6821 
 
 S-107                                    
 ----- 
 
 STREAM ID               S-107    
 FROM :                  ----     
 TO   :                  E-111    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.0    
   FRUCTOSE               0.0    
   GLUCOSE                0.0    
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.6341 
   EMIMCL               137.9336 
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR              138.5677 
   KG/HR               2.0247+04 
   L/MIN                238.9591 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL             2634.8218 
   CAL/GM                18.0325 
   CAL/SEC             1.0142+05 
 ENTROPY:         
   CAL/MOL-K           -142.3736 
   CAL/GM-K              -0.9744 
 DENSITY:         
   MOL/CC              9.6647-03 
   GM/CC                  1.4122 
 AVG MW                 146.1154 
 
 S-108                                    
 ----- 
 
 STREAM ID               S-108    
 FROM :                  R-102A   
 TO   :                  E-107    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1073.9383 
   FRUCTOSE            2.8203-07 
   GLUCOSE             4.2882-08 
   HMF                    0.9229 
   HUMINS              4.2921-11 
   FORMIC-0               4.2061 
   LEVUL-01            4.3883-02 
   HCL                 4.6599-05 
   EMIMCL              4.3391-07 
   O2                  2.5615-08 
   N2                  7.2216-08 
 TOTAL FLOW:      
   KMOL/HR             1079.1111 
   KG/HR               1.9662+04 
   L/MIN               5.4088+05 
 STATE VARIABLES: 
   TEMP   C             129.9998 
   PRES   BAR             1.1146 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7046+04 
   CAL/GM             -3130.8218 
   CAL/SEC            -1.7100+07 
 ENTROPY:         
   CAL/MOL-K             -8.3887 
   CAL/GM-K              -0.4604 
 DENSITY:         
   MOL/CC              3.3252-05 
   GM/CC               6.0588-04 
 AVG MW                  18.2209 
 
 S-108A                                   
 ------ 
 
 STREAM ID               S-108A   
 FROM :                  E-107    
 TO   :                  E-107A   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1073.9383 
   FRUCTOSE            2.8203-07 
   GLUCOSE             4.2882-08 
   HMF                    0.9229 
   HUMINS              4.2921-11 
   FORMIC-0               4.2061 
   LEVUL-01            4.3883-02 
   HCL                 4.6599-05 
   EMIMCL              4.3391-07 
   O2                  2.5615-08 
   N2                  7.2216-08 
 TOTAL FLOW:      
   KMOL/HR             1079.1111 
   KG/HR               1.9662+04 
   L/MIN               4.9563+05 
 STATE VARIABLES: 
   TEMP   C             103.8072 
   PRES   BAR             1.1146 
   VFRAC                  0.9800 
   LFRAC               2.0000-02 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7461+04 
   CAL/GM             -3153.5705 
   CAL/SEC            -1.7224+07 
 ENTROPY:         
   CAL/MOL-K             -9.4675 
   CAL/GM-K              -0.5196 
 DENSITY:         
   MOL/CC              3.6287-05 
   GM/CC               6.6119-04 
 AVG MW                  18.2209 
 
 S-109                                    
 ----- 
 
 STREAM ID               S-109    
 FROM :                  R-102A   
 TO   :                  E-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                  729.3665 
   FRUCTOSE              63.4103 
   GLUCOSE              784.7738 
   HMF                  448.2919 
   HUMINS                29.2555 
   FORMIC-0               3.0453 
   LEVUL-01              11.1272 
   HCL                    0.7622 
   EMIMCL              1193.5655 
   O2                  8.7127-13 
   N2                  1.5738-12 
 TOTAL FLOW:      
   KMOL/HR             3263.5984 
   KG/HR               4.1952+05 
   L/MIN               6379.3012 
 STATE VARIABLES: 
   TEMP   C             129.9998 
   PRES   BAR             1.1146 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0447+05 
   CAL/GM              -812.7304 
   CAL/SEC            -9.4710+07 
 ENTROPY:         
   CAL/MOL-K           -133.9420 
   CAL/GM-K              -1.0420 
 DENSITY:         
   MOL/CC              8.5265-03 
   GM/CC                  1.0960 
 AVG MW                 128.5448 
 
 S-110                                    
 ----- 
 
 STREAM ID               S-110    
 FROM :                  E-105    
 TO   :                  E-108    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                  729.3665 
   FRUCTOSE              63.4103 
   GLUCOSE              784.7738 
   HMF                  448.2919 
   HUMINS                29.2555 
   FORMIC-0               3.0453 
   LEVUL-01              11.1272 
   HCL                    0.7622 
   EMIMCL              1193.5655 
   O2                  8.7127-13 
   N2                  1.5738-12 
 TOTAL FLOW:      
   KMOL/HR             3263.5984 
   KG/HR               4.1952+05 
   L/MIN               7.9997+04 
 STATE VARIABLES: 
   TEMP   C             134.4668 
   PRES   BAR             1.1146 
   VFRAC               4.4504-02 
   LFRAC                  0.9555 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0376+05 
   CAL/GM              -807.2253 
   CAL/SEC            -9.4068+07 
 ENTROPY:         
   CAL/MOL-K           -131.8008 
   CAL/GM-K              -1.0253 
 DENSITY:         
   MOL/CC              6.7995-04 
   GM/CC               8.7403-02 
 AVG MW                 128.5448 
 
 S-111                                    
 ----- 
 
 STREAM ID               S-111    
 FROM :                  E-108    
 TO   :                  S-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                  729.3665 
   FRUCTOSE              63.4103 
   GLUCOSE              784.7738 
   HMF                  448.2919 
   HUMINS                29.2555 
   FORMIC-0               3.0453 
   LEVUL-01              11.1272 
   HCL                    0.7622 
   EMIMCL              1193.5655 
   O2                  8.7127-13 
   N2                  1.5738-12 
 TOTAL FLOW:      
   KMOL/HR             3263.5984 
   KG/HR               4.1952+05 
   L/MIN               1.6337+05 
 STATE VARIABLES: 
   TEMP   C             141.9668 
   PRES   BAR             1.1146 
   VFRAC               9.3180-02 
   LFRAC                  0.9068 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0281+05 
   CAL/GM              -799.8304 
   CAL/SEC            -9.3207+07 
 ENTROPY:         
   CAL/MOL-K           -128.8504 
   CAL/GM-K              -1.0024 
 DENSITY:         
   MOL/CC              3.3295-04 
   GM/CC               4.2799-02 
 AVG MW                 128.5448 
 
 S-112                                    
 ----- 
 
 STREAM ID               S-112    
 FROM :                  E-107A   
 TO   :                  S-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1053.2689 
   FRUCTOSE            3.2421-14 
   GLUCOSE             2.1206-15 
   HMF                    0.1325 
   HUMINS              8.4791-16 
   FORMIC-0               4.1119 
   LEVUL-01            1.5551-02 
   HCL                 4.6594-05 
   EMIMCL              3.9376-14 
   O2                  2.5615-08 
   N2                  7.2215-08 
 TOTAL FLOW:      
   KMOL/HR             1057.5289 
   KG/HR               1.9183+04 
   L/MIN               4.9562+05 
 STATE VARIABLES: 
   TEMP   C             103.8072 
   PRES   BAR             1.1146 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7250+04 
   CAL/GM             -3156.1426 
   CAL/SEC            -1.6818+07 
 ENTROPY:         
   CAL/MOL-K             -8.9049 
   CAL/GM-K              -0.4909 
 DENSITY:         
   MOL/CC              3.5562-05 
   GM/CC               6.4507-04 
 AVG MW                  18.1392 
 
 S-113                                    
 ----- 
 
 STREAM ID               S-113    
 FROM :                  E-107A   
 TO   :                  P-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                   20.6694 
   FRUCTOSE            2.8203-07 
   GLUCOSE             4.2882-08 
   HMF                    0.7904 
   HUMINS              4.2921-11 
   FORMIC-0            9.4137-02 
   LEVUL-01            2.8332-02 
   HCL                 4.5257-09 
   EMIMCL              4.3391-07 
   O2                  4.1454-13 
   N2                  1.0348-12 
 TOTAL FLOW:      
   KMOL/HR               21.5822 
   KG/HR                479.6619 
   L/MIN                  8.4104 
 STATE VARIABLES: 
   TEMP   C             103.8072 
   PRES   BAR             1.1146 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7802+04 
   CAL/GM             -3050.7094 
   CAL/SEC            -4.0647+05 
 ENTROPY:         
   CAL/MOL-K            -37.0361 
   CAL/GM-K              -1.6664 
 DENSITY:         
   MOL/CC              4.2769-02 
   GM/CC                  0.9505 
 AVG MW                  22.2249 
 
 S-114                                    
 ----- 
 
 STREAM ID               S-114    
 FROM :                  S-101    
 TO   :                  E-109    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1775.4339 
   FRUCTOSE            3.0058-03 
   GLUCOSE             2.1596-06 
   HMF                  190.1267 
   HUMINS              2.7405-06 
   FORMIC-0               7.1346 
   LEVUL-01               6.6882 
   HCL                    0.6173 
   EMIMCL              1.4376-05 
   O2                  3.3017-02 
   N2                     0.1242 
 TOTAL FLOW:      
   KMOL/HR             1980.1609 
   KG/HR               5.7095+04 
   L/MIN               1.2983+07 
 STATE VARIABLES: 
   TEMP   C             200.0000 
   PRES   BAR             0.1000 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7561+04 
   CAL/GM             -1996.3228 
   CAL/SEC            -3.1661+07 
 ENTROPY:         
   CAL/MOL-K             -6.9241 
   CAL/GM-K              -0.2401 
 DENSITY:         
   MOL/CC              2.5420-06 
   GM/CC               7.3294-05 
 AVG MW                  28.8334 
 
 S-114A                                   
 ------ 
 
 STREAM ID               S-114A   
 FROM :                  E-109    
 TO   :                  E-109A   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1775.4339 
   FRUCTOSE            3.0058-03 
   GLUCOSE             2.1596-06 
   HMF                  190.1267 
   HUMINS              2.7405-06 
   FORMIC-0               7.1346 
   LEVUL-01               6.6882 
   HCL                    0.6173 
   EMIMCL              1.4376-05 
   O2                  3.3017-02 
   N2                     0.1242 
 TOTAL FLOW:      
   KMOL/HR             1980.1609 
   KG/HR               5.7095+04 
   L/MIN               6.5570+06 
 STATE VARIABLES: 
   TEMP   C              53.0000 
   PRES   BAR             0.1000 
   VFRAC                  0.7326 
   LFRAC                  0.2674 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.2856+04 
   CAL/GM             -2179.9877 
   CAL/SEC            -3.4574+07 
 ENTROPY:         
   CAL/MOL-K            -21.3619 
   CAL/GM-K              -0.7409 
 DENSITY:         
   MOL/CC              5.0332-06 
   GM/CC               1.4512-04 
 AVG MW                  28.8334 
 
 S-115                                    
 ----- 
 
 STREAM ID               S-115    
 FROM :                  E-109A   
 TO   :                  P-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                  331.6035 
   FRUCTOSE            3.0058-03 
   GLUCOSE             2.1596-06 
   HMF                  189.5014 
   HUMINS              2.7405-06 
   FORMIC-0               1.6689 
   LEVUL-01               6.6597 
   HCL                 3.5210-04 
   EMIMCL              1.4376-05 
   O2                  1.8029-06 
   N2                  5.6525-06 
 TOTAL FLOW:      
   KMOL/HR              529.4369 
   KG/HR               3.0723+04 
   L/MIN                447.8321 
 STATE VARIABLES: 
   TEMP   C              53.0000 
   PRES   BAR             0.1000 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.7147+04 
   CAL/GM             -1329.4409 
   CAL/SEC            -1.1346+07 
 ENTROPY:         
   CAL/MOL-K            -65.4009 
   CAL/GM-K              -1.1270 
 DENSITY:         
   MOL/CC              1.9704-02 
   GM/CC                  1.1434 
 AVG MW                  58.0295 
 
 S-116                                    
 ----- 
 
 STREAM ID               S-116    
 FROM :                  M-105    
 TO   :                  C-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               6.5573+06 
 STATE VARIABLES: 
   TEMP   C              52.9975 
   PRES   BAR             0.1000 
   VFRAC                  1.0000 
   LFRAC               8.7883-08 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7635+04 
   CAL/GM             -3170.3258 
   CAL/SEC            -2.3228+07 
 ENTROPY:         
   CAL/MOL-K             -5.2869 
   CAL/GM-K              -0.2908 
 DENSITY:         
   MOL/CC              3.6877-06 
   GM/CC               6.7041-05 
 AVG MW                  18.1795 
 
 S-116A                                   
 ------ 
 
 STREAM ID               S-116A   
 FROM :                  E-109A   
 TO   :                  M-105    
 
 
 CONV. MAX. REL. ERR: -3.3606-05 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  3.3015-02 
   N2                     0.1242 
 TOTAL FLOW:      
   KMOL/HR             1450.7298 
   KG/HR               2.6372+04 
   L/MIN               6.5566+06 
 STATE VARIABLES: 
   TEMP   C              53.0000 
   PRES   BAR             0.1000 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7641+04 
   CAL/GM             -3170.8711 
   CAL/SEC            -2.3228+07 
 ENTROPY:         
   CAL/MOL-K             -5.2900 
   CAL/GM-K              -0.2910 
 DENSITY:         
   MOL/CC              3.6877-06 
   GM/CC               6.7036-05 
 AVG MW                  18.1783 
 
 S-117                                    
 ----- 
 
 STREAM ID               S-117    
 FROM :                  S-101    
 TO   :                  P-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    7.2015 
   FRUCTOSE              63.4073 
   GLUCOSE              784.7738 
   HMF                  258.2977 
   HUMINS                29.2555 
   FORMIC-0            2.2689-02 
   LEVUL-01               4.4546 
   HCL                    0.1450 
   EMIMCL              1193.5655 
   O2                  2.8963-08 
   N2                  8.1654-08 
 TOTAL FLOW:      
   KMOL/HR             2341.1237 
   KG/HR               3.8161+05 
   L/MIN               6386.2936 
 STATE VARIABLES: 
   TEMP   C             200.0000 
   PRES   BAR             0.1000 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1153+05 
   CAL/GM              -684.2210 
   CAL/SEC            -7.2530+07 
 ENTROPY:         
   CAL/MOL-K           -148.2521 
   CAL/GM-K              -0.9095 
 DENSITY:         
   MOL/CC              6.1098-03 
   GM/CC                  0.9959 
 AVG MW                 163.0035 
 
 S-118                                    
 ----- 
 
 STREAM ID               S-118    
 FROM :                  P-104    
 TO   :                  M-103    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    7.2015 
   FRUCTOSE              63.4073 
   GLUCOSE              784.7738 
   HMF                  258.2977 
   HUMINS                29.2555 
   FORMIC-0            2.2689-02 
   LEVUL-01               4.4546 
   HCL                    0.1450 
   EMIMCL              1193.5655 
   O2                  2.8963-08 
   N2                  8.1654-08 
 TOTAL FLOW:      
   KMOL/HR             2341.1237 
   KG/HR               3.8161+05 
   L/MIN               6386.6571 
 STATE VARIABLES: 
   TEMP   C             200.0522 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1153+05 
   CAL/GM              -684.1918 
   CAL/SEC            -7.2526+07 
 ENTROPY:         
   CAL/MOL-K           -148.2378 
   CAL/GM-K              -0.9094 
 DENSITY:         
   MOL/CC              6.1094-03 
   GM/CC                  0.9959 
 AVG MW                 163.0035 
 
 S-119                                    
 ----- 
 
 STREAM ID               S-119    
 FROM :                  M-103    
 TO   :                  M-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    6.0349 
   FRUCTOSE              53.1354 
   GLUCOSE              657.6405 
   HMF                  216.4535 
   HUMINS                24.5161 
   FORMIC-0            1.9014-02 
   LEVUL-01               3.7330 
   HCL                    0.1215 
   EMIMCL              1000.2079 
   O2                  2.4271-08 
   N2                  6.8426-08 
 TOTAL FLOW:      
   KMOL/HR             1961.8616 
   KG/HR               3.1979+05 
   L/MIN               5352.0193 
 STATE VARIABLES: 
   TEMP   C             200.0523 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1153+05 
   CAL/GM              -684.1918 
   CAL/SEC            -6.0777+07 
 ENTROPY:         
   CAL/MOL-K           -148.2377 
   CAL/GM-K              -0.9094 
 DENSITY:         
   MOL/CC              6.1094-03 
   GM/CC                  0.9959 
 AVG MW                 163.0035 
 
 S-120                                    
 ----- 
 
 STREAM ID               S-120    
 FROM :                  M-103    
 TO   :                  E-105    
 
 
 CONV. MAX. REL. ERR:  5.1080-05 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1666 
   FRUCTOSE              10.2720 
   GLUCOSE              127.1338 
   HMF                   41.8434 
   HUMINS                 4.7393 
   FORMIC-0            3.6756-03 
   LEVUL-01               0.7216 
   HCL                 2.3483-02 
   EMIMCL               193.3576 
   O2                  4.6920-09 
   N2                  1.3228-08 
 TOTAL FLOW:      
   KMOL/HR              379.2616 
   KG/HR               6.1821+04 
   L/MIN               1034.6375 
 STATE VARIABLES: 
   TEMP   C             200.0523 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1153+05 
   CAL/GM              -684.2255 
   CAL/SEC            -1.1750+07 
 ENTROPY:         
   CAL/MOL-K           -148.2378 
   CAL/GM-K              -0.9094 
 DENSITY:         
   MOL/CC              6.1094-03 
   GM/CC                  0.9959 
 AVG MW                 163.0035 
 
 S-121                                    
 ----- 
 
 STREAM ID               S-121    
 FROM :                  E-105    
 TO   :                  E-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1666 
   FRUCTOSE              10.2720 
   GLUCOSE              127.1338 
   HMF                   41.8434 
   HUMINS                 4.7393 
   FORMIC-0            3.6756-03 
   LEVUL-01               0.7216 
   HCL                 2.3483-02 
   EMIMCL               193.3576 
   O2                  4.6920-09 
   N2                  1.3228-08 
 TOTAL FLOW:      
   KMOL/HR              379.2616 
   KG/HR               6.1821+04 
   L/MIN                965.8271 
 STATE VARIABLES: 
   TEMP   C             131.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1762+05 
   CAL/GM              -721.5831 
   CAL/SEC            -1.2391+07 
 ENTROPY:         
   CAL/MOL-K           -169.0734 
   CAL/GM-K              -1.0372 
 DENSITY:         
   MOL/CC              6.5447-03 
   GM/CC                  1.0668 
 AVG MW                 163.0035 
 
 S-122                                    
 ----- 
 
 STREAM ID               S-122    
 FROM :                  E-104    
 TO   :                  E-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1666 
   FRUCTOSE              10.2720 
   GLUCOSE              127.1338 
   HMF                   41.8434 
   HUMINS                 4.7393 
   FORMIC-0            3.6756-03 
   LEVUL-01               0.7216 
   HCL                 2.3483-02 
   EMIMCL               193.3576 
   O2                  4.6920-09 
   N2                  1.3228-08 
 TOTAL FLOW:      
   KMOL/HR              379.2616 
   KG/HR               6.1821+04 
   L/MIN                960.3778 
 STATE VARIABLES: 
   TEMP   C             124.7788 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1815+05 
   CAL/GM              -724.8106 
   CAL/SEC            -1.2447+07 
 ENTROPY:         
   CAL/MOL-K           -171.1694 
   CAL/GM-K              -1.0501 
 DENSITY:         
   MOL/CC              6.5818-03 
   GM/CC                  1.0729 
 AVG MW                 163.0035 
 
 S-123                                    
 ----- 
 
 STREAM ID               S-123    
 FROM :                  E-106    
 TO   :                  F-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1666 
   FRUCTOSE              10.2720 
   GLUCOSE              127.1338 
   HMF                   41.8434 
   HUMINS                 4.7393 
   FORMIC-0            3.6756-03 
   LEVUL-01               0.7216 
   HCL                 2.3483-02 
   EMIMCL               193.3576 
   O2                  4.6920-09 
   N2                  1.3228-08 
 TOTAL FLOW:      
   KMOL/HR              379.2616 
   KG/HR               6.1821+04 
   L/MIN                902.0655 
 STATE VARIABLES: 
   TEMP   C              50.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2408+05 
   CAL/GM              -761.2045 
   CAL/SEC            -1.3072+07 
 ENTROPY:         
   CAL/MOL-K           -200.2159 
   CAL/GM-K              -1.2283 
 DENSITY:         
   MOL/CC              7.0073-03 
   GM/CC                  1.1422 
 AVG MW                 163.0035 
 
 S-124                                    
 ----- 
 
 STREAM ID               S-124    
 FROM :                  F-101    
 TO   :                  M-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    1.1147 
   FRUCTOSE               9.8145 
   GLUCOSE              121.4720 
   HMF                   39.9800 
   HUMINS                 0.4739 
   FORMIC-0            3.5119-03 
   LEVUL-01               0.6895 
   HCL                 2.2437-02 
   EMIMCL               184.7466 
   O2                  4.4831-09 
   N2                  1.2639-08 
 TOTAL FLOW:      
   KMOL/HR              358.3172 
   KG/HR               5.6216+04 
   L/MIN                753.7379 
 STATE VARIABLES: 
   TEMP   C              50.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2093+05 
   CAL/GM              -770.8039 
   CAL/SEC            -1.2037+07 
 ENTROPY:         
   CAL/MOL-K           -185.4352 
   CAL/GM-K              -1.1819 
 DENSITY:         
   MOL/CC              7.9231-03 
   GM/CC                  1.2431 
 AVG MW                 156.8894 
 
 S-125                                    
 ----- 
 
 STREAM ID               S-125    
 FROM :                  F-101    
 TO   :                  M-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 5.1956-02 
   FRUCTOSE               0.4575 
   GLUCOSE                5.6618 
   HMF                    1.8635 
   HUMINS                 4.2654 
   FORMIC-0            1.6369-04 
   LEVUL-01            3.2138-02 
   HCL                 1.0458-03 
   EMIMCL                 8.6110 
   O2                  2.0895-10 
   N2                  5.8909-10 
 TOTAL FLOW:      
   KMOL/HR               20.9444 
   KG/HR               5604.7998 
   L/MIN                114.0562 
 STATE VARIABLES: 
   TEMP   C              50.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.7747+05 
   CAL/GM              -663.1734 
   CAL/SEC            -1.0325+06 
 ENTROPY:         
   CAL/MOL-K           -453.2625 
   CAL/GM-K              -1.6938 
 DENSITY:         
   MOL/CC              3.0605-03 
   GM/CC                  0.8190 
 AVG MW                 267.6037 
 
 S-126                                    
 ----- 
 
 STREAM ID               S-126    
 FROM :                  M-102    
 TO   :                  M-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.7803 
   FRUCTOSE               6.8702 
   GLUCOSE               85.0304 
   HMF                   27.9860 
   HUMINS                 0.3318 
   FORMIC-0            2.4584-03 
   LEVUL-01               0.4827 
   HCL                 1.5706-02 
   EMIMCL               129.3226 
   O2                  3.1381-09 
   N2                  8.8472-09 
 TOTAL FLOW:      
   KMOL/HR              250.8220 
   KG/HR               3.9351+04 
   L/MIN                527.6165 
 STATE VARIABLES: 
   TEMP   C              50.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2093+05 
   CAL/GM              -770.8039 
   CAL/SEC            -8.4256+06 
 ENTROPY:         
   CAL/MOL-K           -185.4352 
   CAL/GM-K              -1.1819 
 DENSITY:         
   MOL/CC              7.9231-03 
   GM/CC                  1.2431 
 AVG MW                 156.8894 
 
 S-127                                    
 ----- 
 
 STREAM ID               S-127    
 FROM :                  M-102    
 TO   :                  E-103    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.3344 
   FRUCTOSE               2.9444 
   GLUCOSE               36.4416 
   HMF                   11.9940 
   HUMINS                 0.1422 
   FORMIC-0            1.0536-03 
   LEVUL-01               0.2069 
   HCL                 6.7312-03 
   EMIMCL                55.4240 
   O2                  1.3449-09 
   N2                  3.7916-09 
 TOTAL FLOW:      
   KMOL/HR              107.4952 
   KG/HR               1.6865+04 
   L/MIN                226.1214 
 STATE VARIABLES: 
   TEMP   C              50.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2093+05 
   CAL/GM              -770.8039 
   CAL/SEC            -3.6110+06 
 ENTROPY:         
   CAL/MOL-K           -185.4352 
   CAL/GM-K              -1.1819 
 DENSITY:         
   MOL/CC              7.9231-03 
   GM/CC                  1.2431 
 AVG MW                 156.8894 
 
 S-128                                    
 ----- 
 
 STREAM ID               S-128    
 FROM :                  M-106    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.8322 
   FRUCTOSE               7.3276 
   GLUCOSE               90.6922 
   HMF                   29.8494 
   HUMINS                 4.5972 
   FORMIC-0            2.6220-03 
   LEVUL-01               0.5148 
   HCL                 1.6752-02 
   EMIMCL               137.9336 
   O2                  3.3471-09 
   N2                  9.4363-09 
 TOTAL FLOW:      
   KMOL/HR              271.7665 
   KG/HR               4.4956+04 
   L/MIN                675.0965 
 STATE VARIABLES: 
   TEMP   C              50.4562 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2529+05 
   CAL/GM              -757.3853 
   CAL/SEC            -9.4581+06 
 ENTROPY:         
   CAL/MOL-K           -205.8593 
   CAL/GM-K              -1.2445 
 DENSITY:         
   MOL/CC              6.7093-03 
   GM/CC                  1.1099 
 AVG MW                 165.4219 
 
 S-129                                    
 ----- 
 
 STREAM ID               S-129    
 FROM :                  E-103    
 TO   :                  M-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    0.3344 
   FRUCTOSE               2.9444 
   GLUCOSE               36.4416 
   HMF                   11.9940 
   HUMINS                 0.1422 
   FORMIC-0            1.0536-03 
   LEVUL-01               0.2069 
   HCL                 6.7312-03 
   EMIMCL                55.4240 
   O2                  1.3449-09 
   N2                  3.7916-09 
 TOTAL FLOW:      
   KMOL/HR              107.4952 
   KG/HR               1.6865+04 
   L/MIN                235.5588 
 STATE VARIABLES: 
   TEMP   C             101.6000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1712+05 
   CAL/GM              -746.4908 
   CAL/SEC            -3.4971+06 
 ENTROPY:         
   CAL/MOL-K           -165.5170 
   CAL/GM-K              -1.0550 
 DENSITY:         
   MOL/CC              7.6057-03 
   GM/CC                  1.1933 
 AVG MW                 156.8894 
 
 S-130                                    
 ----- 
 
 STREAM ID               S-130    
 FROM :                  M-101    
 TO   :                  M-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                    6.3693 
   FRUCTOSE              56.0797 
   GLUCOSE              694.0821 
   HMF                  228.4474 
   HUMINS                24.6583 
   FORMIC-0            2.0067-02 
   LEVUL-01               3.9398 
   HCL                    0.1282 
   EMIMCL              1055.6319 
   O2                  2.5616-08 
   N2                  7.2218-08 
 TOTAL FLOW:      
   KMOL/HR             2069.3568 
   KG/HR               3.3666+05 
   L/MIN               5583.1874 
 STATE VARIABLES: 
   TEMP   C             195.4095 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.1182+05 
   CAL/GM              -687.3127 
   CAL/SEC            -6.4274+07 
 ENTROPY:         
   CAL/MOL-K           -148.8678 
   CAL/GM-K              -0.9151 
 DENSITY:         
   MOL/CC              6.1773-03 
   GM/CC                  1.0050 
 AVG MW                 162.6858 
 
 S-131                                    
 ----- 
 
 STREAM ID               S-131    
 FROM :                  E-111    
 TO   :                  E-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                    0.0    
   FRUCTOSE               0.0    
   GLUCOSE                0.0    
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.6341 
   EMIMCL               137.9336 
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR              138.5677 
   KG/HR               2.0247+04 
   L/MIN                420.3993 
 STATE VARIABLES: 
   TEMP   C             101.6000 
   PRES   BAR             1.0133 
   VFRAC               2.3156-03 
   LFRAC                  0.9977 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL             6009.4707 
   CAL/GM                41.1282 
   CAL/SEC             2.3131+05 
 ENTROPY:         
   CAL/MOL-K           -123.7573 
   CAL/GM-K              -0.8470 
 DENSITY:         
   MOL/CC              5.4935-03 
   GM/CC                  0.8027 
 AVG MW                 146.1154 
 
 S-132                                    
 ----- 
 
 STREAM ID               S-132    
 FROM :                  E-104    
 TO   :                  M-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                    0.0    
   FRUCTOSE               0.0    
   GLUCOSE                0.0    
   HMF                    0.0    
   HUMINS                 0.0    
   FORMIC-0               0.0    
   LEVUL-01               0.0    
   HCL                    0.6341 
   EMIMCL               137.9336 
   O2                     0.0    
   N2                     0.0    
 TOTAL FLOW:      
   KMOL/HR              138.5677 
   KG/HR               2.0247+04 
   L/MIN                491.2890 
 STATE VARIABLES: 
   TEMP   C             130.0000 
   PRES   BAR             1.0133 
   VFRAC               2.9834-03 
   LFRAC                  0.9970 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL             7449.3981 
   CAL/GM                50.9830 
   CAL/SEC             2.8674+05 
 ENTROPY:         
   CAL/MOL-K           -117.7983 
   CAL/GM-K              -0.8062 
 DENSITY:         
   MOL/CC              4.7008-03 
   GM/CC                  0.6869 
 AVG MW                 146.1154 
 
 S-133                                    
 ----- 
 
 STREAM ID               S-133    
 FROM :                  C-101    
 TO   :                  E-108    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               1.3323+06 
 STATE VARIABLES: 
   TEMP   C             465.4637 
   PRES   BAR             1.1146 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.4104+04 
   CAL/GM             -2976.1131 
   CAL/SEC            -2.1805+07 
 ENTROPY:         
   CAL/MOL-K             -3.1365 
   CAL/GM-K              -0.1725 
 DENSITY:         
   MOL/CC              1.8149-05 
   GM/CC               3.2995-04 
 AVG MW                  18.1795 
 
 S-134                                    
 ----- 
 
 STREAM ID               S-134    
 FROM :                  E-108    
 TO   :                  E-110    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               8.9302+05 
 STATE VARIABLES: 
   TEMP   C             221.9152 
   PRES   BAR             1.1146 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.6242+04 
   CAL/GM             -3093.7297 
   CAL/SEC            -2.2667+07 
 ENTROPY:         
   CAL/MOL-K             -6.6399 
   CAL/GM-K              -0.3652 
 DENSITY:         
   MOL/CC              2.7078-05 
   GM/CC               4.9227-04 
 AVG MW                  18.1795 
 
 S-136                                    
 ----- 
 
 STREAM ID               S-136    
 FROM :                  P-105    
 TO   :                  P-106    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                  352.2729 
   FRUCTOSE            3.0061-03 
   GLUCOSE             2.2025-06 
   HMF                  190.2918 
   HUMINS              2.7405-06 
   FORMIC-0               1.7631 
   LEVUL-01               6.6881 
   HCL                 3.5210-04 
   EMIMCL              1.4810-05 
   O2                  1.8029-06 
   N2                  5.6525-06 
 TOTAL FLOW:      
   KMOL/HR              551.0192 
   KG/HR               3.1203+04 
   L/MIN                455.9604 
 STATE VARIABLES: 
   TEMP   C              54.4035 
   PRES   BAR             2.0000 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.6778+04 
   CAL/GM             -1355.8480 
   CAL/SEC            -1.1752+07 
 ENTROPY:         
   CAL/MOL-K            -64.2363 
   CAL/GM-K              -1.1344 
 DENSITY:         
   MOL/CC              2.0141-02 
   GM/CC                  1.1405 
 AVG MW                  56.6271 
 
 S-137                                    
 ----- 
 
 STREAM ID               S-137    
 FROM :                  P-106    
 TO   :                  E-110    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                  352.2729 
   FRUCTOSE            3.0061-03 
   GLUCOSE             2.2025-06 
   HMF                  190.2918 
   HUMINS              2.7405-06 
   FORMIC-0               1.7631 
   LEVUL-01               6.6881 
   HCL                 3.5210-04 
   EMIMCL              1.4810-05 
   O2                  1.8029-06 
   N2                  5.6525-06 
 TOTAL FLOW:      
   KMOL/HR              551.0192 
   KG/HR               3.1203+04 
   L/MIN                456.4794 
 STATE VARIABLES: 
   TEMP   C              55.7613 
   PRES   BAR            22.0000 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.6735+04 
   CAL/GM             -1355.0990 
   CAL/SEC            -1.1745+07 
 ENTROPY:         
   CAL/MOL-K            -64.0894 
   CAL/GM-K              -1.1318 
 DENSITY:         
   MOL/CC              2.0118-02 
   GM/CC                  1.1392 
 AVG MW                  56.6271 
 
 S-138                                    
 ----- 
 
 STREAM ID               S-138    
 FROM :                  E-110    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                  352.2729 
   FRUCTOSE            3.0061-03 
   GLUCOSE             2.2025-06 
   HMF                  190.2918 
   HUMINS              2.7405-06 
   FORMIC-0               1.7631 
   LEVUL-01               6.6881 
   HCL                 3.5210-04 
   EMIMCL              1.4810-05 
   O2                  1.8029-06 
   N2                  5.6525-06 
 TOTAL FLOW:      
   KMOL/HR              551.0192 
   KG/HR               3.1203+04 
   L/MIN                513.9017 
 STATE VARIABLES: 
   TEMP   C             180.0000 
   PRES   BAR            22.0000 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.2400+04 
   CAL/GM             -1278.5315 
   CAL/SEC            -1.1082+07 
 ENTROPY:         
   CAL/MOL-K            -52.2143 
   CAL/GM-K              -0.9221 
 DENSITY:         
   MOL/CC              1.7870-02 
   GM/CC                  1.0120 
 AVG MW                  56.6271 
 
 S-139                                    
 ----- 
 
 STREAM ID               S-139    
 FROM :                  E-110    
 TO   :                  E-111    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               6.3236+05 
 STATE VARIABLES: 
   TEMP   C             102.8863 
   PRES   BAR             1.1146 
   VFRAC                  0.9322 
   LFRAC               6.7796-02 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7889+04 
   CAL/GM             -3184.3072 
   CAL/SEC            -2.3331+07 
 ENTROPY:         
   CAL/MOL-K            -10.6707 
   CAL/GM-K              -0.5870 
 DENSITY:         
   MOL/CC              3.8240-05 
   GM/CC               6.9518-04 
 AVG MW                  18.1795 
 
 S-140                                    
 ----- 
 
 STREAM ID               S-140    
 FROM :                  E-111    
 TO   :                  E-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               6.0971+05 
 STATE VARIABLES: 
   TEMP   C             102.8284 
   PRES   BAR             1.1146 
   VFRAC                  0.8989 
   LFRAC                  0.1011 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.8211+04 
   CAL/GM             -3202.0358 
   CAL/SEC            -2.3461+07 
 ENTROPY:         
   CAL/MOL-K            -11.5278 
   CAL/GM-K              -0.6341 
 DENSITY:         
   MOL/CC              3.9660-05 
   GM/CC               7.2100-04 
 AVG MW                  18.1795 
 
 S-141                                    
 ----- 
 
 STREAM ID               S-141    
 FROM :                  E-101    
 TO   :                  E-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               4.9240+05 
 STATE VARIABLES: 
   TEMP   C             102.7469 
   PRES   BAR             1.1146 
   VFRAC                  0.7260 
   LFRAC                  0.2740 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.9885+04 
   CAL/GM             -3294.0887 
   CAL/SEC            -2.4135+07 
 ENTROPY:         
   CAL/MOL-K            -15.9794 
   CAL/GM-K              -0.8790 
 DENSITY:         
   MOL/CC              4.9109-05 
   GM/CC               8.9279-04 
 AVG MW                  18.1795 
 
 S-142                                    
 ----- 
 
 STREAM ID               S-142    
 FROM :                  E-102    
 TO   :                  E-103    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               3.8424+05 
 STATE VARIABLES: 
   TEMP   C             102.7227 
   PRES   BAR             1.1146 
   VFRAC                  0.5664 
   LFRAC                  0.4336 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.1429+04 
   CAL/GM             -3379.0127 
   CAL/SEC            -2.4757+07 
 ENTROPY:         
   CAL/MOL-K            -20.0867 
   CAL/GM-K              -1.1049 
 DENSITY:         
   MOL/CC              6.2933-05 
   GM/CC               1.1441-03 
 AVG MW                  18.1795 
 
 S-143                                    
 ----- 
 
 STREAM ID               S-143    
 FROM :                  E-103    
 TO   :                  E-112    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN               3.6445+05 
 STATE VARIABLES: 
   TEMP   C             102.7191 
   PRES   BAR             1.1146 
   VFRAC                  0.5372 
   LFRAC                  0.4628 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.1711+04 
   CAL/GM             -3394.5583 
   CAL/SEC            -2.4871+07 
 ENTROPY:         
   CAL/MOL-K            -20.8386 
   CAL/GM-K              -1.1463 
 DENSITY:         
   MOL/CC              6.6351-05 
   GM/CC               1.2062-03 
 AVG MW                  18.1795 
 
 S-144                                    
 ----- 
 
 STREAM ID               S-144    
 FROM :                  E-112    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   H2O                 1443.8363 
   FRUCTOSE            8.6362-14 
   GLUCOSE             2.4108-14 
   HMF                    0.6253 
   HUMINS              1.6476-18 
   FORMIC-0               5.4656 
   LEVUL-01            2.8441-02 
   HCL                    0.6170 
   EMIMCL              7.4044-13 
   O2                  6.6032-02 
   N2                     0.2484 
 TOTAL FLOW:      
   KMOL/HR             1450.8870 
   KG/HR               2.6376+04 
   L/MIN                449.5146 
 STATE VARIABLES: 
   TEMP   C              40.0000 
   PRES   BAR             1.1146 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8080+04 
   CAL/GM             -3744.8972 
   CAL/SEC            -2.7438+07 
 ENTROPY:         
   CAL/MOL-K            -38.0390 
   CAL/GM-K              -2.0924 
 DENSITY:         
   MOL/CC              5.3795-02 
   GM/CC                  0.9780 
 AVG MW                  18.1795 
  
Section 25.5.2: Section 200 
 
  
; 
;Input Summary created by Aspen Plus Rel. 36.0 at 22:28:17 Sun Apr 21, 2019 
;Directory S:\  Filename C:\Users\mibell\AppData\Local\Temp\~ape0a8.txt 
; 
 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS ENG SHORT-LENGTH=in  
 
DEF-STREAMS CONVEN ALL  
 
MODEL-OPTION  
 
DATABANKS 'APV100 PURE36' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' & 
         / 'APV100 INORGANIC' / 'APESV100 AP-EOS' /  & 
        'NISTV100 NIST-TRC' / NOASPENPCD 
 
PROP-SOURCES 'APV100 PURE36' / 'APV100 AQUEOUS' /  & 
        'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' & 
         / 'NISTV100 NIST-TRC' 
 
COMPONENTS  
    HMF C6H6O3-N5 /  
    FDCA C6H4O5-N2 /  
    WATER H2O /  
    OXYGEN O2 /  
    ACETI-01 C2H4O2-1 /  
    NITROGEN N2 /  
    CO2 CO2 /  
    HYDROGEN H2 /  
    "MN(CH-01" MNC4H6O4 /  
    "CO(CH-01" "CO(AC)2" /  
    HBR HBR /  
    LEVUL-01 C5H8O3-D1 /  
    FORMIC-0 CH2O2 /  
    2:5-D-01 C6H4O5-N2  
 
CISOLID-COMPS 2:5-D-01  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
FLOWSHEET  
    BLOCK R-201 IN=S-209 S-202 S-223 S-203 S-213 S-216  & 
        HEATSTRE OUT=DUMSTRE1  
    BLOCK C-201 IN=S-207 OUT=S-208  
    BLOCK DUMMY1 IN=DUMSTRE1 OUT=S-210 S-217  
    BLOCK E-203 IN=S-210 OUT=DUMSTRE2  
    BLOCK DUMMY2 IN=DUMSTRE2 OUT=S-211 S-212  
    BLOCK B1 IN=S-208 OUT=S-209  
    BLOCK P-205 IN=S-222 OUT=S-223  
    BLOCK P-201 IN=S-201 OUT=S-202  
    BLOCK P-203 IN=S-212 OUT=S-213  
    BLOCK P-202 IN=S-204 OUT=S-205  
    BLOCK E-201 IN=S-205 OUT=S-206 HEATSTRE  
    BLOCK DUMMY3 IN=DUMSTRE3 OUT=S-214 S-215  
    BLOCK E-204 IN=S-211 OUT=DUMSTRE3  
    BLOCK P-204 IN=S-215 OUT=S-216  
    BLOCK M1 IN=S-219 S-218 OUT=S-220  
    BLOCK CR-201 IN=S-220 OUT=S-221  
    BLOCK V1 IN=S-217 OUT=DUMSTRE4  
    BLOCK V2 IN=DUMSTRE4 OUT=DUMSTRE5  
    BLOCK E-205 IN=DUMSTRE5 OUT=S-218  
 
PROPERTIES NRTL-HOC  
 
ESTIMATE ALL  
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
 
PROP-DATA PLXANT-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST PLXANT  
    PVAL HBR 0 0 0 0 0 0 0 -50  
 
PROP-DATA HOCETA-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HOCETA  
    BPVAL WATER WATER 1.700000000  
    BPVAL WATER ACETI-01 2.500000000  
    BPVAL WATER CO2 .3000000000  
    BPVAL WATER FORMIC-0 2.500000000  
    BPVAL ACETI-01 WATER 2.500000000  
    BPVAL ACETI-01 ACETI-01 4.500000000  
    BPVAL ACETI-01 CO2 .5000000000  
    BPVAL ACETI-01 FORMIC-0 4.500000000  
    BPVAL CO2 WATER .3000000000  
    BPVAL CO2 ACETI-01 .5000000000  
    BPVAL CO2 CO2 .1600000000  
    BPVAL CO2 FORMIC-0 .5000000000  
    BPVAL FORMIC-0 WATER 2.500000000  
    BPVAL FORMIC-0 ACETI-01 4.500000000  
    BPVAL FORMIC-0 CO2 .5000000000  
    BPVAL FORMIC-0 FORMIC-0 4.500000000  
 
PROP-DATA NRTL-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST NRTL  
    BPVAL WATER ACETI-01 3.329300000 -723.8881000 .3000000000  & 
        0.0 0.0 0.0 20.00000000 229.7500000  
    BPVAL ACETI-01 WATER -1.976300000 609.8886000 .3000000000  & 
        0.0 0.0 0.0 20.00000000 229.7500000  
    BPVAL WATER FORMIC-0 -2.586400000 725.0173000 .3000000000  & 
        0.0 0.0 0.0 30.00000000 108.0000000  
    BPVAL FORMIC-0 WATER 4.515600000 -1432.083500 .3000000000  & 
        0.0 0.0 0.0 30.00000000 108.0000000  
    BPVAL ACETI-01 FORMIC-0 0.0 -85.73700000 .3000000000 0.0  & 
        0.0 0.0 100.1100000 118.1000000  
    BPVAL FORMIC-0 ACETI-01 0.0 147.1660000 .3000000000 0.0  & 
        0.0 0.0 100.1100000 118.1000000  
 
STREAM S-201  
    SUBSTREAM MIXED TEMP=77.00000000 PRES=14.50377377  
    MOLE-FLOW WATER 0.0 / ACETI-01 487.2215994  
 
STREAM S-203  
    SUBSTREAM MIXED TEMP=356.0000000 PRES=290.0754755  
    MASS-FLOW HMF 52915.10000 / WATER 13975.10280 / LEVUL-01  & 
        1651.920000 / FORMIC-0 173.9450000  
 
STREAM S-204  
    SUBSTREAM MIXED TEMP=356.0000000 PRES=290.0754755  & 
        MASS-FLOW=1.09791309E+6  
    MOLE-FLOW HMF 62.61128246 / FDCA 356.7079402 / WATER  & 
        1635.829985 / OXYGEN .6613867866 / ACETI-01  & 
        5520.375045 / NITROGEN 191.8021681 / CO2 108.0265085 /  & 
        HYDROGEN .3527396195 / "MN(CH-01" 5.621787686 /  & 
        "CO(CH-01" 5.621787686 / HBR 5.599741459 / LEVUL-01  & 
        14.28595459 / FORMIC-0 3.747858457  
 
STREAM S-207  
    SUBSTREAM MIXED TEMP=77.00000000 PRES=14.50377377  & 
        MOLE-FLOW=5989.959664  
    MOLE-FRAC OXYGEN 21. / NITROGEN 79.  
 
STREAM S-219  
    SUBSTREAM MIXED TEMP=77.00000000 PRES=14.69594878  & 
        MASS-FLOW=2.50362126E+5  
    MASS-FLOW WATER 2.50362126E+5  
 
STREAM S-222  
    SUBSTREAM MIXED TEMP=77.00000000 PRES=290.0754755  
    MOLE-FLOW WATER 0.0 / ACETI-01 5465.259480 / "MN(CH-01"  & 
        5.621787686 / "CO(CH-01" 5.621787686 / HBR 5.621787686  
 
DEF-STREAMS HEAT HEATSTRE 
 
BLOCK M1 MIXER  
    PARAM  
 
BLOCK B1 HEATER  
    PARAM TEMP=356.0000000 PRES=290.0754755 DPPARMOPT=NO  
 
BLOCK E-201 HEATER  
    PARAM PRES=304.5792492 DELT=256.1400000 DPPARMOPT=YES  
 
BLOCK E-203 HEATER  
    PARAM TEMP=100.0000000 PRES=268.3198148 DPPARMOPT=NO  
 
BLOCK E-204 HEATER  
    PARAM TEMP=50.00000000 PRES=246.5641541 DPPARMOPT=NO  
 
BLOCK E-205 HEATER  
    PARAM TEMP=73.58000000 PRES=14.69594878 DPPARMOPT=NO  
 
BLOCK DUMMY1 FLASH2  
    PARAM TEMP=356.0000000 PRES=290.0754755  
 
BLOCK DUMMY2 FLASH2  
    PARAM TEMP=100.0000000 PRES=268.3198148  
 
BLOCK DUMMY3 FLASH2  
    PARAM TEMP=50.00000000 PRES=246.5641541  
 
BLOCK R-201 RSTOIC  
    PARAM PRES=290.0754755 HEAT-OF-REAC=YES  
    STOIC 1 MIXED HMF -1. / OXYGEN -1. / FDCA 1. /  & 
        HYDROGEN 1.  
    STOIC 2 MIXED ACETI-01 -1. / OXYGEN -2. / CO2 2. /  & 
        WATER 2.  
    CONV 1 MIXED HMF 0.85  
    CONV 2 MIXED ACETI-01 0.05  
    HEAT-RXN REACNO=1 CID=HMF H-REAC=-574210. TEMP=356.0000000  & 
        PRES=290.0754755 PHASE=L / REACNO=2 CID=ACETI-01  & 
        H-REAC=-871700. PHASE=L  
 
BLOCK P-201 PUMP  
    PARAM PRES=290.0754755 DEFF=1.  
 
BLOCK P-202 PUMP  
    PARAM PRES=304.5792492  
 
BLOCK P-203 PUMP  
    PARAM PRES=290.0754755  
 
BLOCK P-204 PUMP  
    PARAM PRES=290.0754755  
 
BLOCK P-205 PUMP  
    PARAM PRES=290.0754755  
 
BLOCK C-201 COMPR  
    PARAM TYPE=ISENTROPIC PRES=290.0754755 SEFF=0.85 MEFF=1.  & 
        SB-MAXIT=30 SB-TOL=0.0001  MODEL-TYPE=COMPRESSOR  
 
BLOCK CR-201 CRYSTALLIZER  
    PARAM OPT-PSD=COPY TEMP=77.00000000 PRES=14.69594878  & 
        SOLVENT-CID=WATER SOL-BASIS=SOLVENT  
    STOIC 1 MIXED FDCA -1. / 2:5-D-01 1.  
    SOLU-PROFILE SOLUB-TEMP=104.0000000 SOLUB-RATIO=0.0002027 /  & 
        SOLUB-TEMP=113.0000000 SOLUB-RATIO=0.0002253 /  & 
        SOLUB-TEMP=122.0000000 SOLUB-RATIO=0.0002827 /  & 
        SOLUB-TEMP=131.0000000 SOLUB-RATIO=0.0003698 /  & 
        SOLUB-TEMP=140.0000000 SOLUB-RATIO=0.0004206 /  & 
        SOLUB-TEMP=149.0000000 SOLUB-RATIO=0.0004646 /  & 
        SOLUB-TEMP=158.0000000 SOLUB-RATIO=0.0005984 /  & 
        SOLUB-TEMP=167.0000000 SOLUB-RATIO=0.0006408 /  & 
        SOLUB-TEMP=176.0000000 SOLUB-RATIO=0.0007808 /  & 
        SOLUB-TEMP=185.0000000 SOLUB-RATIO=0.0009084 /  & 
        SOLUB-TEMP=194.0000000 SOLUB-RATIO=0.0011002  
 
BLOCK V1 VALVE  
    PARAM P-OUT=14.69594878  
 
BLOCK V2 VALVE  
    PARAM P-OUT=14.69594878  
 
DESIGN-SPEC DS-1  
    DEFINE HEATSTRE STREAM-VAR STREAM=DUMSTRE1 SUBSTREAM=MIXED  & 
        VARIABLE=TEMP UOM="C"  
    SPEC "HEATSTRE" TO "180"  
    TOL-SPEC "1"  
    VARY STREAM-VAR STREAM=S-204 SUBSTREAM=MIXED  & 
        VARIABLE=MASS-FLOW UOM="kg/hr"  
    LIMITS "300000" "5000000"  
 
EO-CONV-OPTI  
 
STREAM-REPOR MOLEFLOW  
 
PROPERTY-REP PCES  
 
PROP-TABLE SOLUB-1 FLASHCURVE  
    IN-UNITS ENG PRESSURE=bar TEMPERATURE=C PDROP=psi  & 
        SHORT-LENGTH=in  
    MASS-FLOW ACETI-01 187.3929229 / WATER 33.06933933  
    VARY PRES  
    RANGE VARVALUE=LIST LIST=20.  
    VARY TEMP  
    RANGE VARVALUE=RANGE LOWER=0 UPPER=200. NPOINT=20  
    PARAM  
    ANALYSIS ANAL-TYPE=SOLUB SOLUTE=FDCA  
; 
; 
; 
; 
 
 BLOCK:  B1       MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-208    
   OUTLET STREAM:         S-209    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5989.96         5989.96         0.00000     
       MASS(LB/HR   )            172813.         172813.         0.00000     
       ENTHALPY(BTU/HR  )       0.311951E+08    0.154777E+07    0.950384     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       356.000       
   SPECIFIED PRESSURE                   PSIA                    290.075       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    356.00     
   OUTLET PRESSURE       PSIA                                 290.08     
   HEAT DUTY             BTU/HR                             -0.29647E+08 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.21000        0.12116        0.21000         53.357     
      NITROGEN         0.79000        0.87884        0.79000         27.673     
 
 BLOCK:  C-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-207    
   OUTLET STREAM:         S-208    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5989.96         5989.96         0.00000     
       MASS(LB/HR   )            172813.         172813.         0.00000     
       ENTHALPY(BTU/HR  )      -0.155865E+07    0.311951E+08    -1.04996     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                  290.075       
    ISENTROPIC EFFICIENCY                                    0.85000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP               12,872.7         
    BRAKE      HORSEPOWER REQUIREMENT  HP               12,872.7         
    NET WORK REQUIRED                  HP               12,872.7         
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP               10,941.8         
    CALCULATED OUTLET TEMP  F                              886.783       
    ISENTROPIC TEMPERATURE  F                              790.424       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.85000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                    125,366.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.47034     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR             2,221,110.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               282,246.          
    INLET  COMPRESSIBILITY FACTOR                            0.93382     
    OUTLET COMPRESSIBILITY FACTOR                            0.94595     
    AV. ISENT. VOL. EXPONENT                                 1.38826     
    AV. ISENT. TEMP EXPONENT                                 1.39327     
    AV. ACTUAL VOL. EXPONENT                                 1.45214     
    AV. ACTUAL TEMP EXPONENT                                 1.44311     
 
 BLOCK:  CR-201   MODEL: CRYSTALLIZER     
 ------------------------------------ 
   INLET STREAM:          S-220    
   OUTLET STREAM:         S-221    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         21812.6       21812.6       0.00000      0.166784E-15 
   MASS(LB/HR   )         689546.       689546.                    0.168829E-15 
   ENTHALPY(BTU/HR  )   -0.323114E+10 -0.323269E+10                0.480456E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             4842.45      LB/HR            
    PRODUCT STREAMS CO2E          4842.45      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    CRYSTALLIZER TEMPERATURE   F                                77.000     
    CRYSTALLIZER PRESSURE      PSIA                             14.696     
 
    SOLUBILITY DATA: (BASED ON PER UNIT OF SOLVENT)   
             TEMPERATURE           SOLUBILITY  
                  F                  LB/CUFT          
               104.00                0.12654E-04 
               113.00                0.14065E-04 
               122.00                0.17648E-04 
               131.00                0.23086E-04 
               140.00                0.26257E-04 
               149.00                0.29004E-04 
               158.00                0.37357E-04 
               167.00                0.40004E-04 
               176.00                0.48744E-04 
               185.00                0.56710E-04 
               194.00                0.68683E-04 
 
   STOICHIOMETRIC COEFFICIENTS: 
     CRYSTAL SPECIES  (SUBSTREAM MIXED   ): 
       FDCA       -1.000    2:5-D-01    1.000     
 
 
                           ***  RESULTS  *** 
    HEATER DUTY                BTU/HR                         -0.15532E+07 
    CRYSTAL PRODUCT FLOW RATE  LB/HR                            55666.     
    MAGMA DENSITY              LB/CUFT                          5.1444     
    VENT FLOW RATE             LB/HR                            0.0000     
    RECYCLE FLOW RATE          LB/HR                            0.0000     
 
 BLOCK:  DUMMY1   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          DUMSTRE1 
   OUTLET VAPOR STREAM:   S-210    
   OUTLET LIQUID STREAM:  S-217    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            20613.6         20613.6         0.00000     
       MASS(LB/HR   )            868261.         868261.       -0.978775E-14 
       ENTHALPY(BTU/HR  )      -0.229860E+10   -0.229912E+10    0.225492E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             48205.5      LB/HR            
    PRODUCT STREAMS CO2E          48205.5      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 356.000       
   SPECIFIED PRESSURE    PSIA                              290.075       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    356.00     
   OUTLET PRESSURE       PSIA                                 290.08     
   HEAT DUTY             BTU/HR                             -0.51843E+06 
   VAPOR FRACTION                                            0.61601     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.30550E-02    0.79249E-02    0.19443E-04    0.24534E-02 
      FDCA             0.17313E-01    0.45085E-01    0.22203E-05    0.49248E-04 
      WATER            0.16925        0.20665        0.14594        0.70622     
      OXYGEN           0.20937E-02    0.82799E-04    0.33472E-02     40.425     
      ACETI-01         0.39679        0.69762        0.20926        0.29996     
      NITROGEN         0.33921        0.24283E-01    0.53552         22.053     
      CO2              0.53136E-01    0.13901E-01    0.77594E-01     5.5819     
      HYDROGEN         0.17338E-01    0.47121E-04    0.28116E-01     596.67     
      MN(CH-01         0.27272E-03    0.71024E-03    0.58867E-83    0.82884E-80 
      CO(CH-01         0.27272E-03    0.71024E-03    0.58867E-83    0.82884E-80 
      HBR              0.29387E-03    0.70723E-03    0.36200E-04    0.51186E-01 
      LEVUL-01         0.69559E-03    0.17973E-02    0.88358E-05    0.49161E-02 
      FORMIC-0         0.28008E-03    0.47745E-03    0.15705E-03    0.32893     
 
 BLOCK:  DUMMY2   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          DUMSTRE2 
   OUTLET VAPOR STREAM:   S-211    
   OUTLET LIQUID STREAM:  S-212    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            12698.3         12698.3        0.143247E-15 
       MASS(LB/HR   )            429077.         429077.        0.488368E-14 
       ENTHALPY(BTU/HR  )      -0.979914E+09   -0.979914E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             43363.0      LB/HR            
    PRODUCT STREAMS CO2E          43363.0      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 100.0000      
   SPECIFIED PRESSURE    PSIA                              268.320       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    100.00     
   OUTLET PRESSURE       PSIA                                 268.32     
   HEAT DUTY             BTU/HR                              0.61012E-07 
   VAPOR FRACTION                                            0.45343     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.19443E-04    0.35573E-04    0.26082E-10    0.73319E-06 
      FDCA             0.22203E-05    0.40623E-05    0.23474E-13    0.57785E-08 
      WATER            0.14594        0.26552        0.18026E-02    0.67890E-02 
      OXYGEN           0.33472E-02    0.44007E-03    0.68515E-02     15.569     
      ACETI-01         0.20926        0.38214        0.87523E-03    0.22903E-02 
      NITROGEN         0.53552        0.31811        0.79758         2.5073     
      CO2              0.77594E-01    0.33315E-01    0.13097         3.9312     
      HYDROGEN         0.28116E-01    0.75863E-04    0.61915E-01     816.13     
      HBR              0.36200E-04    0.62345E-04    0.46855E-05    0.75155E-01 
      LEVUL-01         0.88358E-05    0.16166E-04    0.12450E-10    0.77012E-06 
      FORMIC-0         0.15705E-03    0.28667E-03    0.81075E-06    0.28282E-02 
 
 BLOCK:  DUMMY3   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          DUMSTRE3 
   OUTLET VAPOR STREAM:   S-214    
   OUTLET LIQUID STREAM:  S-215    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5757.79         5757.79       -0.157959E-15 
       MASS(LB/HR   )            164307.         164307.       -0.177131E-15 
       ENTHALPY(BTU/HR  )      -0.137280E+09   -0.137280E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             33187.0      LB/HR            
    PRODUCT STREAMS CO2E          33187.0      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  50.0000      
   SPECIFIED PRESSURE    PSIA                              246.564       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    50.000     
   OUTLET PRESSURE       PSIA                                 246.56     
   HEAT DUTY             BTU/HR                               0.0000     
   VAPOR FRACTION                                            0.98783     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.26082E-10    0.21431E-08    0.14002E-15    0.65335E-07 
      FDCA             0.23474E-13    0.19288E-11    0.97049E-21    0.50316E-09 
      WATER            0.18026E-02    0.13470        0.16524E-03    0.12267E-02 
      OXYGEN           0.68515E-02    0.55025E-03    0.69291E-02     12.593     
      ACETI-01         0.87523E-03    0.70665E-01    0.15397E-04    0.21788E-03 
      NITROGEN         0.79758        0.74899        0.79818         1.0657     
      CO2              0.13097        0.44914E-01    0.13203         2.9395     
      HYDROGEN         0.61915E-01    0.63874E-04    0.62677E-01     981.26     
      HBR              0.46855E-05    0.45058E-04    0.41881E-05    0.92949E-01 
      LEVUL-01         0.12450E-10    0.10230E-08    0.42250E-16    0.41302E-07 
      FORMIC-0         0.81075E-06    0.65012E-04    0.19781E-07    0.30427E-03 
 
 BLOCK:  E-201    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-205    
   OUTLET STREAM:         S-206    
   OUTLET HEAT STREAM:    HEATSTRE 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            18862.2         18862.2         0.00000     
       MASS(LB/HR   )           0.104658E+07    0.104658E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.346252E+10   -0.346252E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             11335.1      LB/HR            
    PRODUCT STREAMS CO2E          11335.1      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE CHANGE         F                       256.140       
   SPECIFIED PRESSURE                   PSIA                    304.579       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    612.21     
   OUTLET PRESSURE       PSIA                                 304.58     
   HEAT DUTY             BTU/HR                              0.38596E+09 
   OUTLET VAPOR FRACTION                                     0.92796     
   PRESSURE-DROP CORRELATION PARAMETER                        0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.79142E-02    0.40396E-01    0.53927E-02    0.13350     
      FDCA             0.45089E-01    0.55061        0.58465E-02    0.10618E-01 
      WATER            0.20677        0.50294E-01    0.21892         4.3528     
      OXYGEN           0.83601E-04    0.11749E-05    0.89999E-04     76.600     
      ACETI-01         0.69779        0.32514        0.72672         2.2351     
      NITROGEN         0.24244E-01    0.42097E-03    0.26094E-01     61.984     
      CO2              0.13655E-01    0.63848E-03    0.14665E-01     22.969     
      HYDROGEN         0.44587E-04    0.82773E-07    0.48042E-04     580.41     
      MN(CH-01         0.71061E-03    0.98646E-02    0.82669E-82    0.83804E-80 
      CO(CH-01         0.71061E-03    0.98646E-02    0.82669E-82    0.83804E-80 
      HBR              0.70782E-03    0.60860E-02    0.29032E-03    0.47703E-01 
      LEVUL-01         0.18058E-02    0.64779E-02    0.14431E-02    0.22277     
      FORMIC-0         0.47374E-03    0.21135E-03    0.49411E-03     2.3378     
 
 BLOCK:  E-203    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-210    
   OUTLET STREAM:         DUMSTRE2 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            12698.3         12698.3         0.00000     
       MASS(LB/HR   )            429077.         429077.        0.271316E-15 
       ENTHALPY(BTU/HR  )      -0.846130E+09   -0.979914E+09    0.136527     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             43363.0      LB/HR            
    PRODUCT STREAMS CO2E          43363.0      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       100.0000      
   SPECIFIED PRESSURE                   PSIA                    268.320       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    100.00     
   OUTLET PRESSURE       PSIA                                 268.32     
   HEAT DUTY             BTU/HR                             -0.13378E+09 
   OUTLET VAPOR FRACTION                                     0.45343     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.19443E-04    0.35573E-04    0.26082E-10    0.73319E-06 
      FDCA             0.22203E-05    0.40623E-05    0.23474E-13    0.57785E-08 
      WATER            0.14594        0.26552        0.18026E-02    0.67890E-02 
      OXYGEN           0.33472E-02    0.44007E-03    0.68515E-02     15.569     
      ACETI-01         0.20926        0.38214        0.87523E-03    0.22903E-02 
      NITROGEN         0.53552        0.31811        0.79758         2.5073     
      CO2              0.77594E-01    0.33315E-01    0.13097         3.9312     
      HYDROGEN         0.28116E-01    0.75863E-04    0.61915E-01     816.13     
      HBR              0.36200E-04    0.62345E-04    0.46855E-05    0.75155E-01 
      LEVUL-01         0.88358E-05    0.16166E-04    0.12450E-10    0.77012E-06 
      FORMIC-0         0.15705E-03    0.28667E-03    0.81075E-06    0.28282E-02 
 
 BLOCK:  E-204    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-211    
   OUTLET STREAM:         DUMSTRE3 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5757.79         5757.79         0.00000     
       MASS(LB/HR   )            164307.         164307.        0.177131E-15 
       ENTHALPY(BTU/HR  )      -0.134764E+09   -0.137280E+09    0.183330E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             33187.0      LB/HR            
    PRODUCT STREAMS CO2E          33187.0      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        50.0000      
   SPECIFIED PRESSURE                   PSIA                    246.564       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    50.000     
   OUTLET PRESSURE       PSIA                                 246.56     
   HEAT DUTY             BTU/HR                             -0.25168E+07 
   OUTLET VAPOR FRACTION                                     0.98783     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.26082E-10    0.21431E-08    0.14002E-15    0.65335E-07 
      FDCA             0.23474E-13    0.19288E-11    0.97049E-21    0.50316E-09 
      WATER            0.18026E-02    0.13470        0.16524E-03    0.12267E-02 
      OXYGEN           0.68515E-02    0.55025E-03    0.69291E-02     12.593     
      ACETI-01         0.87523E-03    0.70665E-01    0.15397E-04    0.21788E-03 
      NITROGEN         0.79758        0.74899        0.79818         1.0657     
      CO2              0.13097        0.44914E-01    0.13203         2.9395     
      HYDROGEN         0.61915E-01    0.63874E-04    0.62677E-01     981.26     
      HBR              0.46855E-05    0.45058E-04    0.41881E-05    0.92949E-01 
      LEVUL-01         0.12450E-10    0.10230E-08    0.42250E-16    0.41302E-07 
      FORMIC-0         0.81075E-06    0.65012E-04    0.19781E-07    0.30427E-03 
 
 BLOCK:  E-205    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          DUMSTRE5 
   OUTLET STREAM:         S-218    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7915.35         7915.35         0.00000     
       MASS(LB/HR   )            439184.         439184.         0.00000     
       ENTHALPY(BTU/HR  )      -0.145299E+10   -0.152324E+10    0.461164E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             4842.45      LB/HR            
    PRODUCT STREAMS CO2E          4842.45      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        73.5800      
   SPECIFIED PRESSURE                   PSIA                     14.6959      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    73.580     
   OUTLET PRESSURE       PSIA                                 14.696     
   HEAT DUTY             BTU/HR                             -0.70246E+08 
   OUTLET VAPOR FRACTION                                     0.42762E-03 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.79249E-02    0.79283E-02    0.52081E-08    0.65690E-06 
      FDCA             0.45085E-01    0.45104E-01    0.12518E-09    0.27754E-08 
      WATER            0.20665        0.20674        0.92635E-02    0.44808E-01 
      OXYGEN           0.82799E-04    0.77977E-04    0.11356E-01     145.63     
      ACETI-01         0.69762        0.69791        0.17892E-01    0.25637E-01 
      NITROGEN         0.24283E-01    0.24134E-01    0.37298         15.455     
      CO2              0.13901E-01    0.13693E-01    0.49951         36.478     
      HYDROGEN         0.47121E-04    0.93393E-05    0.88361E-01     9461.2     
      MN(CH-01         0.71024E-03    0.71054E-03    0.94079E-82    0.13240E-78 
      CO(CH-01         0.71024E-03    0.71054E-03    0.94079E-82    0.13240E-78 
      HBR              0.70723E-03    0.70727E-03    0.61866E-03    0.87471     
      LEVUL-01         0.17973E-02    0.17981E-02    0.36647E-08    0.20381E-05 
      FORMIC-0         0.47745E-03    0.47765E-03    0.18369E-04    0.38458E-01 
 
 BLOCK:  M1       MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-219       S-218    
   OUTLET STREAM:         S-220    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            21812.6         21812.6         0.00000     
       MASS(LB/HR   )            689546.         689546.       -0.337658E-15 
       ENTHALPY(BTU/HR  )      -0.323114E+10   -0.323114E+10    0.295151E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             4842.45      LB/HR            
    PRODUCT STREAMS CO2E          4842.45      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-201    
   OUTLET STREAM:         S-202    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            487.222         487.222         0.00000     
       MASS(LB/HR   )            29258.9         29258.9         0.00000     
       ENTHALPY(BTU/HR  )      -0.101209E+09   -0.101160E+09   -0.486831E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 290.075       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         436.991       
    PRESSURE CHANGE  PSI                                  275.572       
    NPSH AVAILABLE   FT-LBF/LB                             30.5445      
    FLUID POWER  HP                                         8.75798     
    BRAKE POWER  HP                                        19.3645      
    ELECTRICITY  KW                                        14.4401      
    PUMP EFFICIENCY USED                                    0.45227     
    NET WORK REQUIRED  HP                                  19.3645      
    HEAD DEVELOPED FT-LBF/LB                              592.667       
 
 BLOCK:  P-202    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-204    
   OUTLET STREAM:         S-205    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            18862.2         18862.2         0.00000     
       MASS(LB/HR   )           0.104658E+07    0.104658E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.346258E+10   -0.346252E+10   -0.179900E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             11335.1      LB/HR            
    PRODUCT STREAMS CO2E          11335.1      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 304.579       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      19,179.5         
    PRESSURE CHANGE  PSI                                   14.5038      
    NPSH AVAILABLE   FT-LBF/LB                              3.60644     
    FLUID POWER  HP                                        20.2309      
    BRAKE POWER  HP                                        24.4816      
    ELECTRICITY  KW                                        18.2559      
    PUMP EFFICIENCY USED                                    0.82637     
    NET WORK REQUIRED  HP                                  24.4816      
    HEAD DEVELOPED FT-LBF/LB                               38.2743      
 
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-212    
   OUTLET STREAM:         S-213    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6940.48         6940.48         0.00000     
       MASS(LB/HR   )            264770.         264770.        0.439684E-15 
       ENTHALPY(BTU/HR  )      -0.845151E+09   -0.845122E+09   -0.344337E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10176.0      LB/HR            
    PRODUCT STREAMS CO2E          10176.0      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 290.075       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       5,336.16        
    PRESSURE CHANGE  PSI                                   21.7557      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         8.44303     
    BRAKE POWER  HP                                        11.4374      
    ELECTRICITY  KW                                         8.52887     
    PUMP EFFICIENCY USED                                    0.73819     
    NET WORK REQUIRED  HP                                  11.4374      
    HEAD DEVELOPED FT-LBF/LB                               63.1385      
 
 BLOCK:  P-204    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-215    
   OUTLET STREAM:         S-216    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            70.0740         70.0740         0.00000     
       MASS(LB/HR   )            2077.92         2077.92       -0.218847E-15 
       ENTHALPY(BTU/HR  )      -0.359284E+07   -0.358995E+07   -0.804150E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             138.513      LB/HR            
    PRODUCT STREAMS CO2E          138.513      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 290.075       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         106.090       
    PRESSURE CHANGE  PSI                                   43.5113      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         0.33572     
    BRAKE POWER  HP                                         1.13549     
    ELECTRICITY  KW                                         0.84674     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   1.13549     
    HEAD DEVELOPED FT-LBF/LB                              319.896       
 
 BLOCK:  P-205    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-222    
   OUTLET STREAM:         S-223    
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5482.12         5482.12         0.00000     
       MASS(LB/HR   )            330626.         330626.         0.00000     
       ENTHALPY(BTU/HR  )      -0.113537E+10   -0.113537E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 290.075       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       4,928.17        
    PRESSURE CHANGE  PSI                                    0.0         
    NPSH AVAILABLE   FT-LBF/LB                            621.944       
    FLUID POWER  HP                                         0.0         
    BRAKE POWER  HP                                         0.0         
    ELECTRICITY  KW                                         0.0         
    PUMP EFFICIENCY USED                                    0.73142     
    NET WORK REQUIRED  HP                                   0.0         
    HEAD DEVELOPED FT-LBF/LB                                0.0         
 
 BLOCK:  R-201    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         S-209       S-202       S-223       S-203       S-213    
                          S-216    
   INLET HEAT STREAM:     HEATSTRE 
   OUTLET STREAM:         DUMSTRE1 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         20183.2       20613.6       430.483      0.234994E-05 
   MASS(LB/HR   )         868262.       868261.                    0.968632E-06 
   ENTHALPY(BTU/HR  )   -0.262834E+10 -0.229860E+10               -0.125454     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10314.6      LB/HR            
    PRODUCT STREAMS CO2E          48205.5      LB/HR            
    NET STREAMS CO2E PRODUCTION   37890.9      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         37890.9      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     HMF       -1.00    FDCA       1.00    OXYGEN    -1.00    HYDROGEN   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      2.00    OXYGEN    -2.00    ACETI-01  -1.00    CO2        2.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:HMF      CONV FRAC: 0.8500     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ACETI-01 CONV FRAC: 0.5000E-01 
 
 
   HEAT OF REACTION SPECIFICATIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
         1                HMF              -0.57421E+06 
         2                ACETI-01         -0.87170E+06 
 
 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    PSIA                              290.075       
   DUTY FROM INLET HEAT STREAM(S)  BTU/HR                   -0.385962+09 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    356.37     
   OUTLET PRESSURE       PSIA                                 290.08     
   VAPOR FRACTION                                            0.61740     
 
 
 
   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
      1                   HMF              -0.57421E+06 
      2                   ACETI-01         -0.87170E+06 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  356.86     
      2                  430.48     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HMF              0.30550E-02    0.79531E-02    0.19667E-04    0.24729E-02 
      FDCA             0.17313E-01    0.45248E-01    0.22503E-05    0.49733E-04 
      WATER            0.16926        0.20633        0.14628        0.70896     
      OXYGEN           0.20937E-02    0.82543E-04    0.33400E-02     40.464     
      ACETI-01         0.39678        0.69785        0.21022        0.30123     
      NITROGEN         0.33921        0.24188E-01    0.53443         22.095     
      CO2              0.53136E-01    0.13890E-01    0.77457E-01     5.5763     
      HYDROGEN         0.17338E-01    0.47030E-04    0.28053E-01     596.48     
      MN(CH-01         0.27272E-03    0.71281E-03    0.59062E-83    0.82859E-80 
      CO(CH-01         0.27272E-03    0.71281E-03    0.59062E-83    0.82859E-80 
      HBR              0.29387E-03    0.70949E-03    0.36302E-04    0.51166E-01 
      LEVUL-01         0.69559E-03    0.18036E-02    0.89356E-05    0.49543E-02 
      FORMIC-0         0.28008E-03    0.47751E-03    0.15773E-03    0.33031     
 
 BLOCK:  V1       MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-217    
   OUTLET STREAM:         DUMSTRE4 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7915.35         7915.35         0.00000     
       MASS(LB/HR   )            439184.         439184.       -0.132536E-15 
       ENTHALPY(BTU/HR  )      -0.145299E+10   -0.145299E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             4842.45      LB/HR            
    PRODUCT STREAMS CO2E          4842.45      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE PRESSURE DROP       PSI                         275.380       
 
 BLOCK:  V2       MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          DUMSTRE4 
   OUTLET STREAM:         DUMSTRE5 
   PROPERTY OPTION SET:   NRTL-HOC  RENON (NRTL) / HAYDEN-O'CONNELL              
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7915.35         7915.35         0.00000     
       MASS(LB/HR   )            439184.         439184.         0.00000     
       ENTHALPY(BTU/HR  )      -0.145299E+10   -0.145299E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             4842.45      LB/HR            
    PRODUCT STREAMS CO2E          4842.45      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE PRESSURE DROP       PSI                           0.0         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DUMSTRE1 DUMSTRE2 DUMSTRE3 DUMSTRE4 DUMS 
 -------------------------------------------- 
 
 STREAM ID               DUMSTRE1   DUMSTRE2   DUMSTRE3   DUMSTRE4   DUMSTRE5 
 FROM :                  R-201      E-203      E-204      V1         V2       
 TO   :                  DUMMY1     DUMMY2     DUMMY3     V2         E-205    
 
 
 CONV. MAX. REL. ERR:  9.9456-06     0.0        0.0        0.0        0.0    
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      MIXED      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.9753     0.2469  1.5018-07    62.7284    62.7284 
   FDCA                 356.8884  2.8194-02  1.3516-10   356.8602   356.8602 
   WATER               3488.9321  1853.2052    10.3790  1635.7269  1635.7269 
   OXYGEN                43.1589    42.5035    39.4492     0.6554     0.6554 
   ACETI-01            8179.1764  2657.2602     5.0394  5521.9162  5521.9162 
   NITROGEN            6992.3516  6800.1393  4592.3218   192.2123   192.2123 
   CO2                 1095.3346   985.3035   754.0812   110.0311   110.0311 
   HYDROGEN             357.3912   357.0183   356.4917     0.3730     0.3730 
   MN(CH-01               5.6218     0.0        0.0        5.6218     5.6218 
   CO(CH-01               5.6218     0.0        0.0        5.6218     5.6218 
   HBR                    6.0577     0.4597  2.6978-02     5.5980     5.5980 
   LEVUL-01              14.3386     0.1122  7.1683-08    14.2264    14.2264 
   FORMIC-0               5.7735     1.9943  4.6681-03     3.7792     3.7792 
   2:5-D-01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            2.0614+04  1.2698+04  5757.7940  7915.3507  7915.3507 
   LB/HR               8.6826+05  4.2908+05  1.6431+05  4.3918+05  4.3918+05 
   CUFT/HR             3.1924+05  9.5167+04  8.7707+04  1.0964+06  1.0964+06 
 STATE VARIABLES: 
   TEMP   F             356.3704   100.0000    50.0000   230.3241   230.3241 
   PRES   PSIA          290.0755   268.3198   246.5642    14.6959    14.6959 
   VFRAC                  0.6174     0.4534     0.9878     0.3513     0.3513 
   LFRAC                  0.3826     0.5466  1.2170-02     0.6487     0.6487 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.1151+05 -7.7169+04 -2.3843+04 -1.8357+05 -1.8357+05 
   BTU/LB             -2647.3621 -2283.7715  -835.5114 -3308.3877 -3308.3877 
   BTU/HR             -2.2986+09 -9.7991+08 -1.3728+08 -1.4530+09 -1.4530+09 
 ENTROPY:         
   BTU/LBMOL-R          -28.8390   -27.8575    -5.6904   -54.1472   -54.1472 
   BTU/LB-R              -0.6847    -0.8244    -0.1994    -0.9759    -0.9759 
 DENSITY:         
   LBMOL/CUFT          6.4571-02     0.1334  6.5648-02  7.2195-03  7.2195-03 
   LB/CUFT                2.7198     4.5087     1.8734     0.4006     0.4006 
 AVG MW                  42.1207    33.7902    28.5364    55.4850    55.4850 
 
 S-201 S-202 S-203 S-204 S-205            
 ----------------------------- 
 
 STREAM ID               S-201      S-202      S-203      S-204      S-205    
 FROM :                  ----       P-201      ----       ----       P-202    
 TO   :                  P-201      R-201      R-201      P-202      E-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0        0.0      419.5887   149.2794   149.2794 
   FDCA                   0.0        0.0        0.0      850.4720   850.4720 
   WATER                  0.0        0.0      775.7361  3900.1870  3900.1870 
   OXYGEN                 0.0        0.0        0.0        1.5769     1.5769 
   ACETI-01             487.2216   487.2216     0.0     1.3162+04  1.3162+04 
   NITROGEN               0.0        0.0        0.0      457.2996   457.2996 
   CO2                    0.0        0.0        0.0      257.5595   257.5595 
   HYDROGEN               0.0        0.0        0.0        0.8410     0.8410 
   MN(CH-01               0.0        0.0        0.0       13.4036    13.4036 
   CO(CH-01               0.0        0.0        0.0       13.4036    13.4036 
   HBR                    0.0        0.0        0.0       13.3510    13.3510 
   LEVUL-01               0.0        0.0       14.2264    34.0609    34.0609 
   FORMIC-0               0.0        0.0        3.7793     8.9357     8.9357 
   2:5-D-01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             487.2216   487.2216  1213.3304  1.8862+04  1.8862+04 
   LB/HR               2.9259+04  2.9259+04  6.8716+04  1.0466+06  1.0466+06 
   CUFT/HR              436.9906   437.7146  1087.5600  1.9179+04  1.9181+04 
 STATE VARIABLES: 
   TEMP   F              77.0000    79.4976   356.0000   356.0000   356.0661 
   PRES   PSIA           14.5038   290.0755   290.0755   290.0755   304.5792 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.0773+05 -2.0763+05 -1.3078+05 -1.8357+05 -1.8357+05 
   BTU/LB             -3459.0912 -3457.4072 -2309.1893 -3308.4698 -3308.4103 
   BTU/HR             -1.0121+08 -1.0116+08 -1.5868+08 -3.4626+09 -3.4625+09 
 ENTROPY:         
   BTU/LBMOL-R          -76.0576   -75.9532   -52.2052   -54.9639   -54.9631 
   BTU/LB-R              -1.2665    -1.2648    -0.9218    -0.9906    -0.9906 
 DENSITY:         
   LBMOL/CUFT             1.1149     1.1131     1.1156     0.9835     0.9834 
   LB/CUFT               66.9555    66.8447    63.1837    54.5677    54.5640 
 AVG MW                  60.0526    60.0526    56.6343    55.4856    55.4856 
 
 S-206 S-207 S-208 S-209 S-210            
 ----------------------------- 
 
 STREAM ID               S-206      S-207      S-208      S-209      S-210    
 FROM :                  E-201      ----       C-201      B1         DUMMY1   
 TO   :                  ----       C-201      B1         R-201      E-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      VAPOR      VAPOR      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                  149.2794     0.0        0.0        0.0        0.2469 
   FDCA                 850.4720     0.0        0.0        0.0     2.8194-02 
   WATER               3900.1870     0.0        0.0        0.0     1853.2052 
   OXYGEN                 1.5769  1257.8915  1257.8915  1257.8915    42.5035 
   ACETI-01            1.3162+04     0.0        0.0        0.0     2657.2602 
   NITROGEN             457.2996  4732.0681  4732.0681  4732.0681  6800.1393 
   CO2                  257.5595     0.0        0.0        0.0      985.3035 
   HYDROGEN               0.8410     0.0        0.0        0.0      357.0183 
   MN(CH-01              13.4036     0.0        0.0        0.0        0.0    
   CO(CH-01              13.4036     0.0        0.0        0.0        0.0    
   HBR                   13.3510     0.0        0.0        0.0        0.4597 
   LEVUL-01              34.0609     0.0        0.0        0.0        0.1122 
   FORMIC-0               8.9357     0.0        0.0        0.0        1.9943 
   2:5-D-01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.8862+04  5989.9597  5989.9597  5989.9597  1.2698+04 
   LB/HR               1.0466+06  1.7281+05  1.7281+05  1.7281+05  4.2908+05 
   CUFT/HR             6.1725+05  2.2211+06  2.8225+05  1.2225+05  3.1033+05 
 STATE VARIABLES: 
   TEMP   F             612.2061    77.0000   886.7833   356.0000   356.0000 
   PRES   PSIA          304.5792    14.5038   290.0755   290.0755   290.0755 
   VFRAC                  0.9280     1.0000     1.0000     1.0000     1.0000 
   LFRAC               7.2036-02     0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.6311+05  -260.2105  5207.9060   258.3934 -6.6633+04 
   BTU/LB             -2939.6259    -9.0193   180.5142     8.9563 -1971.9751 
   BTU/HR             -3.0766+09 -1.5587+06  3.1195+07  1.5478+06 -8.4613+08 
 ENTROPY:         
   BTU/LBMOL-R          -33.3765     0.6933     1.3255    -3.4073   -12.6121 
   BTU/LB-R              -0.6015  2.4032-02  4.5943-02    -0.1181    -0.3732 
 DENSITY:         
   LBMOL/CUFT          3.0558-02  2.6968-03  2.1222-02  4.8997-02  4.0919-02 
   LB/CUFT                1.6955  7.7805-02     0.6123     1.4136     1.3826 
 AVG MW                  55.4856    28.8504    28.8504    28.8504    33.7902 
 
 S-211 S-212 S-213 S-214 S-215            
 ----------------------------- 
 
 STREAM ID               S-211      S-212      S-213      S-214      S-215    
 FROM :                  DUMMY2     DUMMY2     P-203      DUMMY3     DUMMY3   
 TO   :                  E-204      P-203      R-201      ----       P-204    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     VAPOR      LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                 1.5018-07     0.2469     0.2469  7.9639-13  1.5017-07 
   FDCA                1.3516-10  2.8194-02  2.8194-02  5.5199-18  1.3516-10 
   WATER                 10.3790  1842.8262  1842.8262     0.9398     9.4392 
   OXYGEN                39.4492     3.0543     3.0543    39.4107  3.8558-02 
   ACETI-01               5.0394  2652.2208  2652.2208  8.7573-02     4.9518 
   NITROGEN            4592.3218  2207.8175  2207.8175  4539.8369    52.4849 
   CO2                  754.0812   231.2223   231.2223   750.9339     3.1473 
   HYDROGEN             356.4917     0.5265     0.5265   356.4873  4.4759-03 
   MN(CH-01               0.0        0.0        0.0        0.0        0.0    
   CO(CH-01               0.0        0.0        0.0        0.0        0.0    
   HBR                 2.6978-02     0.4327     0.4327  2.3821-02  3.1574-03 
   LEVUL-01            7.1683-08     0.1122     0.1122  2.4031-13  7.1683-08 
   FORMIC-0            4.6681-03     1.9896     1.9896  1.1251-04  4.5556-03 
   2:5-D-01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            5757.7940  6940.4772  6940.4772  5687.7200    70.0740 
   LB/HR               1.6431+05  2.6477+05  2.6477+05  1.6223+05  2077.9239 
   CUFT/HR             8.9831+04  5336.1562  5336.6179  8.7600+04   106.0897 
 STATE VARIABLES: 
   TEMP   F             100.0000   100.0000   100.0701    50.0000    50.0000 
   PRES   PSIA          268.3198   268.3198   290.0755   246.5642   246.5642 
   VFRAC                  1.0000     0.0        0.0        1.0000     0.0    
   LFRAC                  0.0        1.0000     1.0000     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.3405+04 -1.2177+05 -1.2177+05 -2.3505+04 -5.1272+04 
   BTU/LB              -820.1940 -3192.0146 -3191.9047  -824.0664 -1729.0524 
   BTU/HR             -1.3476+08 -8.4515+08 -8.4512+08 -1.3369+08 -3.5928+06 
 ENTROPY:         
   BTU/LBMOL-R           -4.9824   -46.8347   -46.8337    -5.3037   -37.0755 
   BTU/LB-R              -0.1746    -1.2277    -1.2277    -0.1859    -1.2503 
 DENSITY:         
   LBMOL/CUFT          6.4096-02     1.3007     1.3005  6.4928-02     0.6605 
   LB/CUFT                1.8291    49.6182    49.6139     1.8519    19.5865 
 AVG MW                  28.5364    38.1487    38.1487    28.5227    29.6533 
 
 S-216 S-217 S-218 S-219 S-220            
 ----------------------------- 
 
 STREAM ID               S-216      S-217      S-218      S-219      S-220    
 FROM :                  P-204      DUMMY1     E-205      ----       M1       
 TO   :                  R-201      V1         M1         M1         CR-201   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                 1.5017-07    62.7284    62.7284     0.0       62.7284 
   FDCA                1.3516-10   356.8602   356.8602     0.0      356.8602 
   WATER                  9.4392  1635.7269  1635.7269  1.3897+04  1.5533+04 
   OXYGEN              3.8558-02     0.6554     0.6554     0.0        0.6554 
   ACETI-01               4.9518  5521.9162  5521.9162     0.0     5521.9162 
   NITROGEN              52.4849   192.2123   192.2123     0.0      192.2123 
   CO2                    3.1473   110.0311   110.0311     0.0      110.0311 
   HYDROGEN            4.4759-03     0.3730     0.3730     0.0        0.3730 
   MN(CH-01               0.0        5.6218     5.6218     0.0        5.6218 
   CO(CH-01               0.0        5.6218     5.6218     0.0        5.6218 
   HBR                 3.1574-03     5.5980     5.5980     0.0        5.5980 
   LEVUL-01            7.1683-08    14.2264    14.2264     0.0       14.2264 
   FORMIC-0            4.5556-03     3.7792     3.7792     0.0        3.7792 
   2:5-D-01               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              70.0740  7915.3507  7915.3507  1.3897+04  2.1813+04 
   LB/HR               2077.9239  4.3918+05  4.3918+05  2.5036+05  6.8955+05 
   CUFT/HR              106.0897  8049.1432  7694.1694  4034.7988  1.0877+04 
 STATE VARIABLES: 
   TEMP   F              50.6656   356.0000    73.5800    77.0000    77.0243 
   PRES   PSIA          290.0755   290.0755    14.6959    14.6959    14.6959 
   VFRAC                  0.0        0.0     4.2762-04     0.0        0.0    
   LFRAC                  1.0000     1.0000     0.9996     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -5.1231+04 -1.8357+05 -1.9244+05 -1.2290+05 -1.4813+05 
   BTU/LB             -1727.6620 -3308.3877 -3468.3350 -6821.7379 -4685.8977 
   BTU/HR             -3.5900+06 -1.4530+09 -1.5232+09 -1.7079+09 -3.2311+09 
 ENTROPY:         
   BTU/LBMOL-R          -37.0089   -54.9510   -68.4181   -39.0053   -49.0871 
   BTU/LB-R              -1.2481    -0.9904    -1.2331    -2.1651    -1.5528 
 DENSITY:         
   LBMOL/CUFT             0.6605     0.9834     1.0287     3.4443     2.0053 
   LB/CUFT               19.5865    54.5628    57.0800    62.0507    63.3931 
 AVG MW                  29.6533    55.4850    55.4850    18.0153    31.6123 
 
 S-221 S-222 S-223                        
 ----------------- 
 
 STREAM ID               S-221      S-222      S-223    
 FROM :                  CR-201     ----       P-205    
 TO   :                  ----       P-205      R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284     0.0        0.0    
   FDCA                   0.2418     0.0        0.0    
   WATER               1.5533+04     0.0        0.0    
   OXYGEN                 0.6554     0.0        0.0    
   ACETI-01            5521.9162  5465.2595  5465.2595 
   NITROGEN             192.2123     0.0        0.0    
   CO2                  110.0311     0.0        0.0    
   HYDROGEN               0.3730     0.0        0.0    
   MN(CH-01               5.6218     5.6218     5.6218 
   CO(CH-01               5.6218     5.6218     5.6218 
   HBR                    5.5980     5.6218     5.6218 
   LEVUL-01              14.2264     0.0        0.0    
   FORMIC-0               3.7792     0.0        0.0    
   2:5-D-01             356.6184     0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            2.1813+04  5482.1248  5482.1248 
   LB/HR               6.8955+05  3.3063+05  3.3063+05 
   CUFT/HR             1.0821+04  4928.1705  4928.1705 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.0000    77.0000 
   PRES   PSIA           14.6959   290.0755   290.0755 
   VFRAC                  0.0        0.0        0.0    
   LFRAC                  0.9837     1.0000     1.0000 
   SFRAC               1.6349-02     0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.4820+05 -2.0710+05 -2.0710+05 
   BTU/LB             -4688.1502 -3434.0095 -3434.0095 
   BTU/HR             -3.2327+09 -1.1354+09 -1.1354+09 
 ENTROPY:         
   BTU/LBMOL-R          -49.1599   -75.1101   -75.1101 
   BTU/LB-R              -1.5551    -1.2454    -1.2454 
 DENSITY:         
   LBMOL/CUFT             2.0158     1.1124     1.1124 
   LB/CUFT               63.7238    67.0889    67.0889 
 AVG MW                  31.6123    60.3098    60.3098 
 
 HEATSTRE                                 
 -------- 
 
 STREAM ID               HEATSTRE 
 FROM :                  E-201    
 TO   :                  R-201    
 CLASS:                  HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        BTU/HR       -3.8596+08 
 TBEG     F              356.0661 
 TEND     F              612.2061 
 
 DUMSTRE1                                 
 -------- 
 
 STREAM ID               DUMSTRE1 
 FROM :                  R-201    
 TO   :                  DUMMY1   
 
 
 CONV. MAX. REL. ERR:  9.9456-06 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.9753 
   FDCA                 356.8884 
   WATER               3488.9321 
   OXYGEN                43.1589 
   ACETI-01            8179.1764 
   NITROGEN            6992.3516 
   CO2                 1095.3346 
   HYDROGEN             357.3912 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    6.0577 
   LEVUL-01              14.3386 
   FORMIC-0               5.7735 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            2.0614+04 
   LB/HR               8.6826+05 
   CUFT/HR             3.1924+05 
 STATE VARIABLES: 
   TEMP   F             356.3704 
   PRES   PSIA          290.0755 
   VFRAC                  0.6174 
   LFRAC                  0.3826 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.1151+05 
   BTU/LB             -2647.3621 
   BTU/HR             -2.2986+09 
 ENTROPY:         
   BTU/LBMOL-R          -28.8390 
   BTU/LB-R              -0.6847 
 DENSITY:         
   LBMOL/CUFT          6.4571-02 
   LB/CUFT                2.7198 
 AVG MW                  42.1207 
 
 DUMSTRE2                                 
 -------- 
 
 STREAM ID               DUMSTRE2 
 FROM :                  E-203    
 TO   :                  DUMMY2   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                    0.2469 
   FDCA                2.8194-02 
   WATER               1853.2052 
   OXYGEN                42.5035 
   ACETI-01            2657.2602 
   NITROGEN            6800.1393 
   CO2                  985.3035 
   HYDROGEN             357.0183 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.4597 
   LEVUL-01               0.1122 
   FORMIC-0               1.9943 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.2698+04 
   LB/HR               4.2908+05 
   CUFT/HR             9.5167+04 
 STATE VARIABLES: 
   TEMP   F             100.0000 
   PRES   PSIA          268.3198 
   VFRAC                  0.4534 
   LFRAC                  0.5466 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -7.7169+04 
   BTU/LB             -2283.7715 
   BTU/HR             -9.7991+08 
 ENTROPY:         
   BTU/LBMOL-R          -27.8575 
   BTU/LB-R              -0.8244 
 DENSITY:         
   LBMOL/CUFT             0.1334 
   LB/CUFT                4.5087 
 AVG MW                  33.7902 
 
 DUMSTRE3                                 
 -------- 
 
 STREAM ID               DUMSTRE3 
 FROM :                  E-204    
 TO   :                  DUMMY3   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                 1.5018-07 
   FDCA                1.3516-10 
   WATER                 10.3790 
   OXYGEN                39.4492 
   ACETI-01               5.0394 
   NITROGEN            4592.3218 
   CO2                  754.0812 
   HYDROGEN             356.4917 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                 2.6978-02 
   LEVUL-01            7.1683-08 
   FORMIC-0            4.6681-03 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5757.7940 
   LB/HR               1.6431+05 
   CUFT/HR             8.7707+04 
 STATE VARIABLES: 
   TEMP   F              50.0000 
   PRES   PSIA          246.5642 
   VFRAC                  0.9878 
   LFRAC               1.2170-02 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.3843+04 
   BTU/LB              -835.5114 
   BTU/HR             -1.3728+08 
 ENTROPY:         
   BTU/LBMOL-R           -5.6904 
   BTU/LB-R              -0.1994 
 DENSITY:         
   LBMOL/CUFT          6.5648-02 
   LB/CUFT                1.8734 
 AVG MW                  28.5364 
 
 DUMSTRE4                                 
 -------- 
 
 STREAM ID               DUMSTRE4 
 FROM :                  V1       
 TO   :                  V2       
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                 356.8602 
   WATER               1635.7269 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            7915.3507 
   LB/HR               4.3918+05 
   CUFT/HR             1.0964+06 
 STATE VARIABLES: 
   TEMP   F             230.3241 
   PRES   PSIA           14.6959 
   VFRAC                  0.3513 
   LFRAC                  0.6487 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.8357+05 
   BTU/LB             -3308.3877 
   BTU/HR             -1.4530+09 
 ENTROPY:         
   BTU/LBMOL-R          -54.1472 
   BTU/LB-R              -0.9759 
 DENSITY:         
   LBMOL/CUFT          7.2195-03 
   LB/CUFT                0.4006 
 AVG MW                  55.4850 
 
 DUMSTRE5                                 
 -------- 
 
 STREAM ID               DUMSTRE5 
 FROM :                  V2       
 TO   :                  E-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                 356.8602 
   WATER               1635.7269 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            7915.3507 
   LB/HR               4.3918+05 
   CUFT/HR             1.0964+06 
 STATE VARIABLES: 
   TEMP   F             230.3241 
   PRES   PSIA           14.6959 
   VFRAC                  0.3513 
   LFRAC                  0.6487 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.8357+05 
   BTU/LB             -3308.3877 
   BTU/HR             -1.4530+09 
 ENTROPY:         
   BTU/LBMOL-R          -54.1472 
   BTU/LB-R              -0.9759 
 DENSITY:         
   LBMOL/CUFT          7.2195-03 
   LB/CUFT                0.4006 
 AVG MW                  55.4850 
 
 HEATSTRE                                 
 -------- 
 
 STREAM ID               HEATSTRE 
 FROM :                  E-201    
 TO   :                  R-201    
 CLASS:                  HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        BTU/HR       -3.8596+08 
 TBEG     F              356.0661 
 TEND     F              612.2061 
 
 S-201                                    
 ----- 
 
 STREAM ID               S-201    
 FROM :                  ----     
 TO   :                  P-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN                 0.0    
   ACETI-01             487.2216 
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR             487.2216 
   LB/HR               2.9259+04 
   CUFT/HR              436.9906 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA           14.5038 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.0773+05 
   BTU/LB             -3459.0912 
   BTU/HR             -1.0121+08 
 ENTROPY:         
   BTU/LBMOL-R          -76.0576 
   BTU/LB-R              -1.2665 
 DENSITY:         
   LBMOL/CUFT             1.1149 
   LB/CUFT               66.9555 
 AVG MW                  60.0526 
 
 S-202                                    
 ----- 
 
 STREAM ID               S-202    
 FROM :                  P-201    
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN                 0.0    
   ACETI-01             487.2216 
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR             487.2216 
   LB/HR               2.9259+04 
   CUFT/HR              437.7146 
 STATE VARIABLES: 
   TEMP   F              79.4976 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.0763+05 
   BTU/LB             -3457.4072 
   BTU/HR             -1.0116+08 
 ENTROPY:         
   BTU/LBMOL-R          -75.9532 
   BTU/LB-R              -1.2648 
 DENSITY:         
   LBMOL/CUFT             1.1131 
   LB/CUFT               66.8447 
 AVG MW                  60.0526 
 
 S-203                                    
 ----- 
 
 STREAM ID               S-203    
 FROM :                  ----     
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                  419.5887 
   FDCA                   0.0    
   WATER                775.7361 
   OXYGEN                 0.0    
   ACETI-01               0.0    
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01              14.2264 
   FORMIC-0               3.7793 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1213.3304 
   LB/HR               6.8716+04 
   CUFT/HR             1087.5600 
 STATE VARIABLES: 
   TEMP   F             356.0000 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.3078+05 
   BTU/LB             -2309.1893 
   BTU/HR             -1.5868+08 
 ENTROPY:         
   BTU/LBMOL-R          -52.2052 
   BTU/LB-R              -0.9218 
 DENSITY:         
   LBMOL/CUFT             1.1156 
   LB/CUFT               63.1837 
 AVG MW                  56.6343 
 
 S-204                                    
 ----- 
 
 STREAM ID               S-204    
 FROM :                  ----     
 TO   :                  P-202    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                  149.2794 
   FDCA                 850.4720 
   WATER               3900.1870 
   OXYGEN                 1.5769 
   ACETI-01            1.3162+04 
   NITROGEN             457.2996 
   CO2                  257.5595 
   HYDROGEN               0.8410 
   MN(CH-01              13.4036 
   CO(CH-01              13.4036 
   HBR                   13.3510 
   LEVUL-01              34.0609 
   FORMIC-0               8.9357 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.8862+04 
   LB/HR               1.0466+06 
   CUFT/HR             1.9179+04 
 STATE VARIABLES: 
   TEMP   F             356.0000 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.8357+05 
   BTU/LB             -3308.4698 
   BTU/HR             -3.4626+09 
 ENTROPY:         
   BTU/LBMOL-R          -54.9639 
   BTU/LB-R              -0.9906 
 DENSITY:         
   LBMOL/CUFT             0.9835 
   LB/CUFT               54.5677 
 AVG MW                  55.4856 
 
 S-205                                    
 ----- 
 
 STREAM ID               S-205    
 FROM :                  P-202    
 TO   :                  E-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                  149.2794 
   FDCA                 850.4720 
   WATER               3900.1870 
   OXYGEN                 1.5769 
   ACETI-01            1.3162+04 
   NITROGEN             457.2996 
   CO2                  257.5595 
   HYDROGEN               0.8410 
   MN(CH-01              13.4036 
   CO(CH-01              13.4036 
   HBR                   13.3510 
   LEVUL-01              34.0609 
   FORMIC-0               8.9357 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.8862+04 
   LB/HR               1.0466+06 
   CUFT/HR             1.9181+04 
 STATE VARIABLES: 
   TEMP   F             356.0661 
   PRES   PSIA          304.5792 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.8357+05 
   BTU/LB             -3308.4103 
   BTU/HR             -3.4625+09 
 ENTROPY:         
   BTU/LBMOL-R          -54.9631 
   BTU/LB-R              -0.9906 
 DENSITY:         
   LBMOL/CUFT             0.9834 
   LB/CUFT               54.5640 
 AVG MW                  55.4856 
 
 S-206                                    
 ----- 
 
 STREAM ID               S-206    
 FROM :                  E-201    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                  149.2794 
   FDCA                 850.4720 
   WATER               3900.1870 
   OXYGEN                 1.5769 
   ACETI-01            1.3162+04 
   NITROGEN             457.2996 
   CO2                  257.5595 
   HYDROGEN               0.8410 
   MN(CH-01              13.4036 
   CO(CH-01              13.4036 
   HBR                   13.3510 
   LEVUL-01              34.0609 
   FORMIC-0               8.9357 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.8862+04 
   LB/HR               1.0466+06 
   CUFT/HR             6.1725+05 
 STATE VARIABLES: 
   TEMP   F             612.2061 
   PRES   PSIA          304.5792 
   VFRAC                  0.9280 
   LFRAC               7.2036-02 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.6311+05 
   BTU/LB             -2939.6259 
   BTU/HR             -3.0766+09 
 ENTROPY:         
   BTU/LBMOL-R          -33.3765 
   BTU/LB-R              -0.6015 
 DENSITY:         
   LBMOL/CUFT          3.0558-02 
   LB/CUFT                1.6955 
 AVG MW                  55.4856 
 
 S-207                                    
 ----- 
 
 STREAM ID               S-207    
 FROM :                  ----     
 TO   :                  C-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN              1257.8915 
   ACETI-01               0.0    
   NITROGEN            4732.0681 
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5989.9597 
   LB/HR               1.7281+05 
   CUFT/HR             2.2211+06 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA           14.5038 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL           -260.2105 
   BTU/LB                -9.0193 
   BTU/HR             -1.5587+06 
 ENTROPY:         
   BTU/LBMOL-R            0.6933 
   BTU/LB-R            2.4032-02 
 DENSITY:         
   LBMOL/CUFT          2.6968-03 
   LB/CUFT             7.7805-02 
 AVG MW                  28.8504 
 
 S-208                                    
 ----- 
 
 STREAM ID               S-208    
 FROM :                  C-201    
 TO   :                  B1       
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN              1257.8915 
   ACETI-01               0.0    
   NITROGEN            4732.0681 
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5989.9597 
   LB/HR               1.7281+05 
   CUFT/HR             2.8225+05 
 STATE VARIABLES: 
   TEMP   F             886.7833 
   PRES   PSIA          290.0755 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL           5207.9060 
   BTU/LB               180.5142 
   BTU/HR              3.1195+07 
 ENTROPY:         
   BTU/LBMOL-R            1.3255 
   BTU/LB-R            4.5943-02 
 DENSITY:         
   LBMOL/CUFT          2.1222-02 
   LB/CUFT                0.6123 
 AVG MW                  28.8504 
 
 S-209                                    
 ----- 
 
 STREAM ID               S-209    
 FROM :                  B1       
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN              1257.8915 
   ACETI-01               0.0    
   NITROGEN            4732.0681 
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5989.9597 
   LB/HR               1.7281+05 
   CUFT/HR             1.2225+05 
 STATE VARIABLES: 
   TEMP   F             356.0000 
   PRES   PSIA          290.0755 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL            258.3934 
   BTU/LB                 8.9563 
   BTU/HR              1.5478+06 
 ENTROPY:         
   BTU/LBMOL-R           -3.4073 
   BTU/LB-R              -0.1181 
 DENSITY:         
   LBMOL/CUFT          4.8997-02 
   LB/CUFT                1.4136 
 AVG MW                  28.8504 
 
 S-210                                    
 ----- 
 
 STREAM ID               S-210    
 FROM :                  DUMMY1   
 TO   :                  E-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                    0.2469 
   FDCA                2.8194-02 
   WATER               1853.2052 
   OXYGEN                42.5035 
   ACETI-01            2657.2602 
   NITROGEN            6800.1393 
   CO2                  985.3035 
   HYDROGEN             357.0183 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.4597 
   LEVUL-01               0.1122 
   FORMIC-0               1.9943 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.2698+04 
   LB/HR               4.2908+05 
   CUFT/HR             3.1033+05 
 STATE VARIABLES: 
   TEMP   F             356.0000 
   PRES   PSIA          290.0755 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -6.6633+04 
   BTU/LB             -1971.9751 
   BTU/HR             -8.4613+08 
 ENTROPY:         
   BTU/LBMOL-R          -12.6121 
   BTU/LB-R              -0.3732 
 DENSITY:         
   LBMOL/CUFT          4.0919-02 
   LB/CUFT                1.3826 
 AVG MW                  33.7902 
 
 S-211                                    
 ----- 
 
 STREAM ID               S-211    
 FROM :                  DUMMY2   
 TO   :                  E-204    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                 1.5018-07 
   FDCA                1.3516-10 
   WATER                 10.3790 
   OXYGEN                39.4492 
   ACETI-01               5.0394 
   NITROGEN            4592.3218 
   CO2                  754.0812 
   HYDROGEN             356.4917 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                 2.6978-02 
   LEVUL-01            7.1683-08 
   FORMIC-0            4.6681-03 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5757.7940 
   LB/HR               1.6431+05 
   CUFT/HR             8.9831+04 
 STATE VARIABLES: 
   TEMP   F             100.0000 
   PRES   PSIA          268.3198 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.3405+04 
   BTU/LB              -820.1940 
   BTU/HR             -1.3476+08 
 ENTROPY:         
   BTU/LBMOL-R           -4.9824 
   BTU/LB-R              -0.1746 
 DENSITY:         
   LBMOL/CUFT          6.4096-02 
   LB/CUFT                1.8291 
 AVG MW                  28.5364 
 
 S-212                                    
 ----- 
 
 STREAM ID               S-212    
 FROM :                  DUMMY2   
 TO   :                  P-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.2469 
   FDCA                2.8194-02 
   WATER               1842.8262 
   OXYGEN                 3.0543 
   ACETI-01            2652.2208 
   NITROGEN            2207.8175 
   CO2                  231.2223 
   HYDROGEN               0.5265 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.4327 
   LEVUL-01               0.1122 
   FORMIC-0               1.9896 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            6940.4772 
   LB/HR               2.6477+05 
   CUFT/HR             5336.1562 
 STATE VARIABLES: 
   TEMP   F             100.0000 
   PRES   PSIA          268.3198 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2177+05 
   BTU/LB             -3192.0146 
   BTU/HR             -8.4515+08 
 ENTROPY:         
   BTU/LBMOL-R          -46.8347 
   BTU/LB-R              -1.2277 
 DENSITY:         
   LBMOL/CUFT             1.3007 
   LB/CUFT               49.6182 
 AVG MW                  38.1487 
 
 S-213                                    
 ----- 
 
 STREAM ID               S-213    
 FROM :                  P-203    
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.2469 
   FDCA                2.8194-02 
   WATER               1842.8262 
   OXYGEN                 3.0543 
   ACETI-01            2652.2208 
   NITROGEN            2207.8175 
   CO2                  231.2223 
   HYDROGEN               0.5265 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.4327 
   LEVUL-01               0.1122 
   FORMIC-0               1.9896 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            6940.4772 
   LB/HR               2.6477+05 
   CUFT/HR             5336.6179 
 STATE VARIABLES: 
   TEMP   F             100.0701 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2177+05 
   BTU/LB             -3191.9047 
   BTU/HR             -8.4512+08 
 ENTROPY:         
   BTU/LBMOL-R          -46.8337 
   BTU/LB-R              -1.2277 
 DENSITY:         
   LBMOL/CUFT             1.3005 
   LB/CUFT               49.6139 
 AVG MW                  38.1487 
 
 S-214                                    
 ----- 
 
 STREAM ID               S-214    
 FROM :                  DUMMY3   
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   HMF                 7.9639-13 
   FDCA                5.5199-18 
   WATER                  0.9398 
   OXYGEN                39.4107 
   ACETI-01            8.7573-02 
   NITROGEN            4539.8369 
   CO2                  750.9339 
   HYDROGEN             356.4873 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                 2.3821-02 
   LEVUL-01            2.4031-13 
   FORMIC-0            1.1251-04 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5687.7200 
   LB/HR               1.6223+05 
   CUFT/HR             8.7600+04 
 STATE VARIABLES: 
   TEMP   F              50.0000 
   PRES   PSIA          246.5642 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.3505+04 
   BTU/LB              -824.0664 
   BTU/HR             -1.3369+08 
 ENTROPY:         
   BTU/LBMOL-R           -5.3037 
   BTU/LB-R              -0.1859 
 DENSITY:         
   LBMOL/CUFT          6.4928-02 
   LB/CUFT                1.8519 
 AVG MW                  28.5227 
 
 S-215                                    
 ----- 
 
 STREAM ID               S-215    
 FROM :                  DUMMY3   
 TO   :                  P-204    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                 1.5017-07 
   FDCA                1.3516-10 
   WATER                  9.4392 
   OXYGEN              3.8558-02 
   ACETI-01               4.9518 
   NITROGEN              52.4849 
   CO2                    3.1473 
   HYDROGEN            4.4759-03 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                 3.1574-03 
   LEVUL-01            7.1683-08 
   FORMIC-0            4.5556-03 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR              70.0740 
   LB/HR               2077.9239 
   CUFT/HR              106.0897 
 STATE VARIABLES: 
   TEMP   F              50.0000 
   PRES   PSIA          246.5642 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -5.1272+04 
   BTU/LB             -1729.0524 
   BTU/HR             -3.5928+06 
 ENTROPY:         
   BTU/LBMOL-R          -37.0755 
   BTU/LB-R              -1.2503 
 DENSITY:         
   LBMOL/CUFT             0.6605 
   LB/CUFT               19.5865 
 AVG MW                  29.6533 
 
 S-216                                    
 ----- 
 
 STREAM ID               S-216    
 FROM :                  P-204    
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                 1.5017-07 
   FDCA                1.3516-10 
   WATER                  9.4392 
   OXYGEN              3.8558-02 
   ACETI-01               4.9518 
   NITROGEN              52.4849 
   CO2                    3.1473 
   HYDROGEN            4.4759-03 
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                 3.1574-03 
   LEVUL-01            7.1683-08 
   FORMIC-0            4.5556-03 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR              70.0740 
   LB/HR               2077.9239 
   CUFT/HR              106.0897 
 STATE VARIABLES: 
   TEMP   F              50.6656 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -5.1231+04 
   BTU/LB             -1727.6620 
   BTU/HR             -3.5900+06 
 ENTROPY:         
   BTU/LBMOL-R          -37.0089 
   BTU/LB-R              -1.2481 
 DENSITY:         
   LBMOL/CUFT             0.6605 
   LB/CUFT               19.5865 
 AVG MW                  29.6533 
 
 S-217                                    
 ----- 
 
 STREAM ID               S-217    
 FROM :                  DUMMY1   
 TO   :                  V1       
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                 356.8602 
   WATER               1635.7269 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            7915.3507 
   LB/HR               4.3918+05 
   CUFT/HR             8049.1432 
 STATE VARIABLES: 
   TEMP   F             356.0000 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.8357+05 
   BTU/LB             -3308.3877 
   BTU/HR             -1.4530+09 
 ENTROPY:         
   BTU/LBMOL-R          -54.9510 
   BTU/LB-R              -0.9904 
 DENSITY:         
   LBMOL/CUFT             0.9834 
   LB/CUFT               54.5628 
 AVG MW                  55.4850 
 
 S-218                                    
 ----- 
 
 STREAM ID               S-218    
 FROM :                  E-205    
 TO   :                  M1       
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                 356.8602 
   WATER               1635.7269 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            7915.3507 
   LB/HR               4.3918+05 
   CUFT/HR             7694.1694 
 STATE VARIABLES: 
   TEMP   F              73.5800 
   PRES   PSIA           14.6959 
   VFRAC               4.2762-04 
   LFRAC                  0.9996 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.9244+05 
   BTU/LB             -3468.3350 
   BTU/HR             -1.5232+09 
 ENTROPY:         
   BTU/LBMOL-R          -68.4181 
   BTU/LB-R              -1.2331 
 DENSITY:         
   LBMOL/CUFT             1.0287 
   LB/CUFT               57.0800 
 AVG MW                  55.4850 
 
 S-219                                    
 ----- 
 
 STREAM ID               S-219    
 FROM :                  ----     
 TO   :                  M1       
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER               1.3897+04 
   OXYGEN                 0.0    
   ACETI-01               0.0    
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               0.0    
   CO(CH-01               0.0    
   HBR                    0.0    
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            1.3897+04 
   LB/HR               2.5036+05 
   CUFT/HR             4034.7988 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA           14.6959 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2290+05 
   BTU/LB             -6821.7379 
   BTU/HR             -1.7079+09 
 ENTROPY:         
   BTU/LBMOL-R          -39.0053 
   BTU/LB-R              -2.1651 
 DENSITY:         
   LBMOL/CUFT             3.4443 
   LB/CUFT               62.0507 
 AVG MW                  18.0153 
 
 S-220                                    
 ----- 
 
 STREAM ID               S-220    
 FROM :                  M1       
 TO   :                  CR-201   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                 356.8602 
   WATER               1.5533+04 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            2.1813+04 
   LB/HR               6.8955+05 
   CUFT/HR             1.0877+04 
 STATE VARIABLES: 
   TEMP   F              77.0243 
   PRES   PSIA           14.6959 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.4813+05 
   BTU/LB             -4685.8977 
   BTU/HR             -3.2311+09 
 ENTROPY:         
   BTU/LBMOL-R          -49.0871 
   BTU/LB-R              -1.5528 
 DENSITY:         
   LBMOL/CUFT             2.0053 
   LB/CUFT               63.3931 
 AVG MW                  31.6123 
 
 S-221                                    
 ----- 
 
 STREAM ID               S-221    
 FROM :                  CR-201   
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: LBMOL/HR         
   HMF                   62.7284 
   FDCA                   0.2418 
   WATER               1.5533+04 
   OXYGEN                 0.6554 
   ACETI-01            5521.9162 
   NITROGEN             192.2123 
   CO2                  110.0311 
   HYDROGEN               0.3730 
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.5980 
   LEVUL-01              14.2264 
   FORMIC-0               3.7792 
   2:5-D-01             356.6184 
 TOTAL FLOW:      
   LBMOL/HR            2.1813+04 
   LB/HR               6.8955+05 
   CUFT/HR             1.0821+04 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA           14.6959 
   VFRAC                  0.0    
   LFRAC                  0.9837 
   SFRAC               1.6349-02 
 ENTHALPY:        
   BTU/LBMOL          -1.4820+05 
   BTU/LB             -4688.1502 
   BTU/HR             -3.2327+09 
 ENTROPY:         
   BTU/LBMOL-R          -49.1599 
   BTU/LB-R              -1.5551 
 DENSITY:         
   LBMOL/CUFT             2.0158 
   LB/CUFT               63.7238 
 AVG MW                  31.6123 
 
 S-222                                    
 ----- 
 
 STREAM ID               S-222    
 FROM :                  ----     
 TO   :                  P-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN                 0.0    
   ACETI-01            5465.2595 
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.6218 
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5482.1248 
   LB/HR               3.3063+05 
   CUFT/HR             4928.1705 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.0710+05 
   BTU/LB             -3434.0095 
   BTU/HR             -1.1354+09 
 ENTROPY:         
   BTU/LBMOL-R          -75.1101 
   BTU/LB-R              -1.2454 
 DENSITY:         
   LBMOL/CUFT             1.1124 
   LB/CUFT               67.0889 
 AVG MW                  60.3098 
 
 S-223                                    
 ----- 
 
 STREAM ID               S-223    
 FROM :                  P-205    
 TO   :                  R-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: LBMOL/HR         
   HMF                    0.0    
   FDCA                   0.0    
   WATER                  0.0    
   OXYGEN                 0.0    
   ACETI-01            5465.2595 
   NITROGEN               0.0    
   CO2                    0.0    
   HYDROGEN               0.0    
   MN(CH-01               5.6218 
   CO(CH-01               5.6218 
   HBR                    5.6218 
   LEVUL-01               0.0    
   FORMIC-0               0.0    
   2:5-D-01               0.0    
 TOTAL FLOW:      
   LBMOL/HR            5482.1248 
   LB/HR               3.3063+05 
   CUFT/HR             4928.1705 
 STATE VARIABLES: 
   TEMP   F              77.0000 
   PRES   PSIA          290.0755 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -2.0710+05 
   BTU/LB             -3434.0095 
   BTU/HR             -1.1354+09 
 ENTROPY:         
   BTU/LBMOL-R          -75.1101 
   BTU/LB-R              -1.2454 
 DENSITY:         
   LBMOL/CUFT             1.1124 
   LB/CUFT               67.0889 
 AVG MW                  60.3098 
 
